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FOREWORD 
The aircraft conceptual design study reported herein was performed by 
Lockheed-Georgia Company, under the technical direction of Susan Johnson, 
Advanced Turboprop Project Office, NASA Lewis Research Center, Cleveland, 
Ohio. Hs. Johnson was succeeded as technical manager near the conclusion 
of the study by Mr. Robert Dengler. 
At the Lockheed-Georgia Company, the program manager was Douglas M. 
Winkeljohn. Responsible for  concept development and configuration 
Integration was C. H. Mayrand. Other contributors t o  the study from 
Lockheed-Georgia included M. B. Diamond, G. V. Gelly, M. K. Harris, and J, 
S. Phillips. In addition, mission, systems and payload data were provided 
by A. B. Bower, M. F. Leffler, and B. M. Quayle of Lockheed-California 
Company. 
Program management for this study resides in the Advanced Design 
Division, R. O,, Lowrey, Manager, of the Lockheed-Georgia Company, Marietta, 
Georgia. 
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1.0 SUMMARY 
T h i s  s t u d y  compares t h e  b e n e f i t s  o f  propfan p r o p u l s i o n  systems 
r e l a t i v e  t o  tlJrbOfanS when a p p l i e d  t o  mul t ipu rpose  c a r r i e r - b a s e d  naval  
a i r c r a f t .  The a i r c r a f t  s y n t h e s i z e d  i n  t h i s  s t u d y  i n c o r p o r a t e  t e c h n o l o g i e s  
which w i l l  be a v a i l a b l e  by 1991, and a r e  based upon a mid-1990's I n i t i a l  
O p e r a t i o n a l  C a p a b i l i t y  (IOC). The s t u d y  was conducted i n  f i v e  tasks ,  which 
d e f i n e d  ten m i s s i o n s  and performance r equ i r emen t s ,  e s t a b l i s h e d  t h e  levels 
of  technology t o  be i n c o r p o r a t e d ,  gene ra t ed  a i r c r a f t  concep t s  f o r  
c o n v e n t i o n a l  t a k e o f f  and  l a n d i n g  (CTOL) and s h o r t  t a k e o f f / v e r t i c a l  l a n d i n g  
(STOVL) and s i z e d  t h o s e  c o n c e p t s  t o  p e r f o r m  t h e  m i s s i o n s .  A s i n g l e  
t u r b o f a n  t y p e ,  a range  o f  propfan c o n f i g u r a t i o n s ,  and an unducted f a n ,  were 
cons ide red  i n  t h i s  s t u d y .  
The r e s u l t , s  o f  t h i s  s t u d y  show t h a t  t h e  propfan  is a v i a b l e  p r o p u l s i o n  
s y s t e m  f o r  t h i s  c l a s s  o f  a i r c r a f t  and o f f e r s  advantages  i n  t e rms  of  f u e l  
consumption wh i l e  m a i n t a i n i n g  performance e q u a l  t o  t h e  t u r b o f a n .  T h e  
t e c h n o l o g i e s  necessa ry  t o  implement  t h i s  p ropu l s ion  concept  a r e  c u r r e n t l y  
be ing  developed and s e v e r a l  gas  g e n e r a t o r  development programs now underway 
may y i e l d  e n g i n e s  i n  t h e  proper  s i z e  range f o r  t h i s  c l a s s  o f  a i r c r a f t .  
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2.0 I N T R O D U C T I O N  A N D  BACKGROUND ORtGlNAL PAGE IS 
OF POOR QUALITY 
2.1 I N T R O D U C T I O N  
Propfan  p ropu l s ion  is an advanced technology t h a t  h a s  been shown t o  
h a v e  a d v a n t a g e s  i n  terms of f u e l  u s a g e  and  o p e r a t i n g  cos t  f o r  h i g h -  
performance m i l i t a r y  and commercial  t r a n s p o r t  a i r c r a f t ,  when compared w i t h  
turbofan-powered a i r c r a f t  of similar performance. T h i s  h a s  been 
demonst ra ted  by a n a l y t i c a l  s t u d i e s  and sma l l - sca l e  t e s t i n g .  
T r a n s p o r t  a i r c r a f t  r e q u i r e  e f f i c i e n t  c r u i s e  o p e r a t i o n  ove r  a f a i r l y  
narrow envelope  of speed and a l t i t u d e ,  and t h i s  e f f i c i e n c y  is measured i n  
o p e r a t i n g  and l i f e  c y c l e  c o s t s .  N A S A  and t h e  Navy have sponsored  t h i s  
s t u d y  t o  assess t h e  merits o f  propfan  p ropu l s ion  when a p p l i e d  t o  
mul t ipu rpose  c a r r i e r - b a s e d  nava l  a i r c r a f t .  The t y p e s  of m i s s i o n s  flown by 
t h e s e  a i r c r a f t  a r e  much more demanding i n  terms o f  o v e r a l l  p ropu l s ion  
r equ i r emen t s  t han  t y p i c a l  t r a n s p o r t  miss ion  p r o f i l e s ,  and may i n v o l v e  no t  
o n l y  c r u i s i n g  f l i g h t ,  bu t  a l s o  long  p e r i o d s  o f  l o i t e r  a t  h igh  and low 
a l t i t u d e  a s  we11 a s  high-speed dash performance a t  a l t i t u d e  and a t  s e a  
leve l .  
T h e  pu rposes  of  t h e  s t u d y  a r e  t o  i d e n t i f y  t h e  b e n e f i t s  o f  p ropfans  
r e l a t i v e  t o  t u r b o f a n s  when app l i ed  t o  mul t ipu rpose  ca r r i e r -based  a i r c r a f t ,  
t o  i d e n t i f y  t h e  technology r equ i r emen t s  n e c e s s a r y  t o  a c h i e v e  t h e  p r e d i c t e d  
b e n e f i t s ,  and t o  d e f i n e  a plan t o  ach ieve  t h e  necessa ry  l e v e l  o f  technology 
i n  t ime  f o r  an i n t r o d u c t i o n  i n t o  f l e e t  s e r v i c e  i n  t h e  l a t e  1990s. 
2.2 BACKGROUND_ 
The United S t a t e s  Navy c u r r e n t l y  o p e r a t e s  a number o f  a i r c r a f t  t y p e s  
from t h e  decks  o f  a i r c r a f t  c a r r i e r s .  These t y p e s  range from a i r c r a f t  
e s s e n t i a l  t o  t h e  f u l f i l l m e n t  of  t h e  c a r r i e r ’ s  r o l e  o f  power p r o j e c t i o n  
( A - 6 ,  F/A-18, F-141 ,  th rough t h o s e  necessa ry  f o r  t h e  de fense  o f  t h e  c a r r i e r  
and accompanying s h i p s  o f  t h e  b a t t l e  group (F -14 ,  S-3, E-2), a s  we l l  a s  
t h o s e  a i r c r a f t  which perform u t i l i t y  o r  s u p p o r t i n g  mis s ions  (C-2, KA-5,  
E A - 5 ) .  The l o g i s t i c s  p i p e l i n e  necessa ry  t o  suppor t  t h i s  l a r g e  m i x  o f  
a i r c r a f t  t y p e s  i s  s u b s t a n t i a l ,  and t h e  broad range o f  s p e c i a l i z e d  t r a i n i n g  
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for f l i g h t  crew and maintenance pe r sonne l  i n c r e a s e s  o p e r a t i n g  and suppor t  
c o s t s  as  well. 
For some time, t h e  Navy and c o n t r a c t o r s  s u p p o r t i n g  t h e  mis s ions  o f  t h e  
Navy have been examining a i r c r a f t  s u i t a b l e  f o r  carrier o p e r a t i o n s  t h a t  
could f u l f i l l  t h e  r equ i r emen t s  o f  s e v e r a l  mi s s ions  wi th  a common airframe. 
The advan tages  o f  such  an a i r c r a f t .  i n c l u d e  g r e a t l y  s i m p l i f i e d  s p a r e s  supply  
and main tenance  r e q u i r e m e n t s ,  less s p e c i a l i z e d  t r a i n i n g ,  and reduced u n i t  
a c q u i s i t i o n  cost th rough  t h e  s p r e a d i n g  of r e s e a r c h ,  development,  t e s t i n g  
and e v a l u a t i o n  c o s t s  ( R D T L E ) ,  t o o l i n g  costs, and o t h e r  nonrecur r ing  c o s t s  
over g r e a t e r  q u a n t i t y  p r o d u c t i o n  o f  a common a i r f rame and p r o p u l s i o n  
system. 
Techno log ie s  and c a p a b i l i t i e s  f o r  nava l  w a r f a r e  are r a p i d l y  evo lv ing .  
T h i s  i s  t rue  no t  on ly  i n  t h e  c o n t e x t  of U.S. o f f e n s i v e  nava l  o p e r a t i o n s ,  
bu t  a l s o  w i t h i n  t h e  t h r e a t  environment .  The S o v i e t  "b lue  water"  navy i s  
expanding d r a m a t i c a l l y ,  S o v i e t  s u r f a c e  f o r c e s ,  which u n t i l  recently were 
used  p r i m a r i l y  f o r  c o a s t a l  d e f e n s e ,  now range  f a r  from home p o r t s  a n d  now 
pose a s i g n i f i c a n t  t h r e a t  t o  U.S. s u r f a c e  f o r c e s .  As noted i n  "Aviat ion 
Week" and  o t h e r  u n c l a s s i f i e d  s o u r c e s ,  t h e  S o v i e t  navy h a s  recent ly  launched 
and i s  now f i t t i n g  o u t  t h a t  n a t i o n ' s  f i r s t  a i r c r a f t  c a r r i e r  equipped w i t h  
c a t a p u l t s  and a r r e s t i n g  g e a r .  T h e r e f o r e ,  i t  i s  probable  t h a t  t h e  S o v i e t  
world-wide nava l  p re sence  w i l l  i n c l u d e  c a r r i e r - b a s e d  a v i a t i o n  w i t h i n  t h e  
nex t  decade .  
The S o v i e t  undersea  t h r e a t  c o n t i n u e s  t o  be  fo rmidab le ,  w i t h  f a s t e r ,  
deepe r  d i v i n g ,  and q u i e t e r  submarines  c o n t i n u a l l y  r e p l a c i n g  o r  augmenting 
e x i s t i n g  f o r c e s .  I n  a d d i t i o n  t o  t o r p e d o e s ,  many o f  t h e s e  submarines  w i l l  
c a r r y  long  range  c r u i s e  missiles capab le  o f  b e i n g  launched hundreds o f  
miles from t h e i r  t a r g e t s .  
I n  a d d i t i o n  t o  t h e  f o r c e s  a f l o a t ,  t h e  S o v i e t s  ma in ta in  an expanding 
land-based mar i t ime a i r  f o r c e  w i t h  g l o b a l  a t t a c k  c a p a b i l i t y .  These long  
range a i r c r a f t  can a l s o  c a r r y  c r u i s e  m i s s i l e s  capab le  o f  launch  from ranges  
f a r  o u t  o f  s i g h t  o f  t h e i r  in tended  t a r g e t s .  These a i r c r a f t  and m i s s i l e s ,  
when employed u s i n g  t a c t i c s  of  mass a t t a c k s  i n c o r p o r a t i n g  e x t e n s i v e  
e l e c t r o n i c  jamming and v a r i o u s  means o f  d e c e p t i o n ,  r e p r e s e n t  a s e r i o u s  
c h a l l e n g e  i n  t h e  de fense  o f  l a r g e  s h i p  g roups .  
ORIGINAL PAGE IS 
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Many of t h e  a i r c r a f t  now c a r r i e d  aboard U.S. carr iers  f o r  d e f e n s e  and 
s u p p o r t  m i s s i o n s  w i l l  be d e f i c i e n t  when matched a g a i n s t  t h i s  expanding 
t h r e a t .  Any new a i r c r a f t  w i t h  t r u e  m u l t i - p u r p o s e  c a p a b i l i t y  m u s t  b e  
des igned  t o  i n c o r p o r a t e  advanced t e c h n o l o g i e s  and performance i n  such  a way 
t h a t  t h e  expanding t h r e a t  can be s u c c e s s f u l l y  coun te red  on ,  under ,  and 
above t h e  s u r f a c e  of t h e  world's  oceans.  
Wi th in  t h i s  s t u d y ,  m i s s i o n s  are d e f i n e d  which s i g n i f i c a n t l y  expand on 
c u r r e n t  c a p a b i l i t y  and which r e a l i s t i c a l l y  address t h e  long-range 
o b j e c t i v e s  of t h e  U.S. Navy. 
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3.0 STUDY APPROACH 
T h i s  s t u d y  c o n s i s t e d  of f i v e  t e c h n i c a l  t a s k s ,  and t h e  t o t a l  t e c h n i c a l  
e f fo r t  spanned n i n e  months. A s i x t h  t a s k ,  encompassing v a r i o u s  r e p o r t i n g  
r e q u i r e m e n t s ,  p a r a l l e l e d  t h e  t e c h n i c a l  program and c u l m i n a t e s  i n  t h i s  f i n a l  
report. The t a s k / t i m e  r e l a t i o n s h i p s  of t h e  s t u d y  are shown i n  F i g u r e  1.  
The s t u d y  drew on p r e v i o u s l y  completed c o n t r a c t s  and Independent  
Research and Development ( I R A D )  work i n  r e l a t e d  areas, p a r t i c u l a r l y  d u r i n g  
Task I, which r e q u i r e s  t h e  d e f i n i t i o n  of m i s s i o n s ,  p a y l o a d s ,  and v a r i o u s  
o p e r a t i o n a l  r e q u i r e m e n t s .  
A s i g n i  f ' i c an t  propfan  technology d a t a  b a s e  is b e i n g  assembled a t  
Lockheed-Georgia a s  a r e s u l t  o f  v a r i o u s  propfan-powered a i r c r a f t  s t u d i e s  
a n d  t h e  P r o p f a n  T e c h n o l o g y  A s s e s s m e n t  ( P T A )  P rogram.  Methodo logy  
a p p r o p r i a t e  t o  propfan  performance was i n c o r p o r a t e d  i n t o  t h i s  s t u d y  a s  a 
r e s u l t  o f  t h i s  work.  Through t h e  u s e  of t h i s  l a r g e  body o f  d a t a  and t h e  
r e s u l t s  of o t h e r  completed s t u d i e s ,  t h e  t e c h n i c a l  e f f o r t  i n  t h i s  s t u d y  
could  be focused  on t h o s e  i s s u e s  a p p r o p r i a t e  t o  t h e  d e s i g n  comparison 
between p r o p f a n  and  t u r b o f a n  a i r c r a f t  c o n c e p t s  f o r  m u l t i p l e  m i s s i o n  
a p p l i c a t i o n s .  
An o u t l i n e ,  o r  roadmap, d e f i n i n g  t h e  s t u d y  flow and major m i l e s t o n e s ,  
i s  shown i n  F i g u r e  2 .  T a s k s  I th rougn I11 were conducted n e a r l y  
s e q u e n t i a l l y ,  w i t h  t h e  assumpt ions  and r e q u i r e m e n t s  developed i n  Task I 
used t o  generate c o n c e p t s  i n  T a s k  11. A range  o f  c o n c e p t s  was e v a l u a t e d  
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and reduced t o  fou r  b a s e l i n e  (two t u r b o f a n ,  two propfan)  c o n f i g u r a t i o n s  
which would meet e i t h e r  of t h e  tm, s e t s  of composite mission requi rements  
d e f i n e d  i n  Task I .  
IN -HOUSE 
W V X  
DATA 0ASf 
Dur ing  Task 111, t h e s e  fou r  c o n c e p t s  were r e f i n e d  and developed i n  
d e t a i l ,  i n c l u d i n g  d e t a i l e d  s i z i n g  and performance p r e d i c t i o n .  Various 
p r o p u l s i o n  system and geomet r i c  s e n s i t i v i t y  s t u d i e s  were a l s o  performed a s  
p a r t  o f  t h i s  t a s k .  
Task  I V ,  s t a r t i n g  p a r t  way t h r o u g h  T a s k  111, p r o d u c e d  STOVL 
d e r i v a t i v e s  of t h e  CTOL propfan c o n f i g u r a t i o n s  developed i n  Task 111. 
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JUSTlFlCATlOh 
C r i t i c a l  p r o p u l s i o n  t e c h n o l o g i e s  a s s o c i a t e d  w i t h  assumptions made i n  
Task  I and c o n f i g u r a t i o n s  developed i n  Tasks I11 and I V  were i d e n t i f i e d  i n  
Task V and a development schedule  was g e n e r a t e d .  A s i m i l a r  schedule  f o r  
c r i t i c a l  mission sys tems development was a l s o  produced. 
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4.0 STUDY BREAKDOWll 
Each of the five technical tasks which comprise this study is 
discussed in the following sections. These tasks are: 
Task I - Requirements, Assumptions and Guidelines 
Task I1 - Conceptual Design (CTOL) 
Task I11 - Detailed Calculations and Aircraft Optimization (CTOL) 
Task IV - Alternative Designs - V/STOL and STOVL 
Task V - Advanced Technology Research Plan 
4 . 1  TASK I - REQUIREMENTS, ASSUMPTIONS AND GUIDELINES 
This task establishes the groundrules and assumptions under which the 
remainder of the study is conducted. The study presumes an Initial 
Operational Capability (IOC) in 1995 for the conceptual desiRns developed 
herein. This implies technology readiness is required no later than 1991. 
4.1.1 Operational Considerations 
There is an increasing need to detect and classify potential targets 
and threats at much greater distances from our naval forces than is 
possible today. Particular targets of interest are high speed airborne 
platforms and missiles cruising at low altitude, The long range threat of 
cruise missiles, coupled with the ability of a single aircraft, s h i p  or 
submarine to carry and launch several of these missiles, suggests an 
obvious advantage in being able to detect and destroy the launch platform 
prior to the release of its cruise missile payload. 
The entire area of tactical command, control, and communication is in 
need of updating and standardization to include real time access to 
national sensor information. 
There is a growing need to degrade the enemy's acquisition and 
targeting capability and thus reduce the range and delay the time at which 
both enemy aircraft and submarines can launch antiship cruise missiles. 
C u r r e n t  c a p a b i l i t y  is l i m i t e d  p r i m a r i l y  by t h e  r a n g e  a t  which  e n e m y  
a i r b o r n e  p l a t f o r m s  and low a l t i t u d e  cruise missiles can be engaged. 
I n  a d d i t i o n ,  t h e  i n c r e a s e d  demands p laced  upon t h e  b a s i c  C a r r i e r  Air 
Wing, or  complement o f  a i r c r a f t  on board t h e  carrier, t o  provide  for t h e  
b a s i c  d e f e n s e  o f  t h e  C a r r i e r  R a t t l e  Group ( C V B G )  make i t  of p r i m a r y  
i m p o r t a n c e  t h a t  new s u p p o r t  a i r c r a f t  s h o u l d  b e  t rue  m u l t i p l e  p u r p o s e  
sys t ems ,  c a p a b l e  o f  s u p p o r t i n g  s t r i k e  a i r c r a f t  o p e r a t i o n s ,  capab le  of  
Independent  o f f e n s i v e  a c t i o n ,  and c a p a b l e  of p rov id ing  for t h e  de fense  Of 
t h e  
0 
0 
0 
0 
0 
0 
0 
0 
Bat t le  Group. I n  g e n e r a l ,  a i r c r a f t  of t h i s  t y p e  would be  used f o r :  
P rov id ing  e a r l y  warning beyond t h e  r ange  of t h e  c a r r i e r  b a t t l e  g roup ' s  
d e f e n s i v e  f i g h t e r s ,  w i th  t h e  a b i l i t y  t o  engage and d e s t r o y  enemy 
a i r b o r n e  l a u n c h  p l a t f o r m s  as wel l  a s  p rov ide  f o r  i t s  own defense. 
(Armed A E W )  
P rov id ing  e a r l y  warning of  impending a t t a c k  by enemy a i r c r a f t ,  c r u i s e  
missiles, s u r f a c e  s h i p s ,  and s u r f a c e d  submarines .  ( A E W )  
P rov id ing  s u r v e i l l a n c e  and communication, commang and c o n t r o l  
c a p a b i l i t i e s  f o r  t h e  Navy's c a r r i e r  b a t t l e  group. (SC ) 
S u p p o r t i n g  nava l  a v i a t i o n  s t r i k e  o p e r a t i o n s  by  s u p p r e s s i n g  a v a r i e t y  
o f  e a r l y  warning,  a c q u i s i t i o n ,  and f i r e  c o n t r o l  elements o f  enemy a i r  
de fense  sys tems.  F u r t h e r ,  t h e  a i r c r a f t  s h a l l  a l s o  c o n t r i b u t e  t o  f l e e t  
a i r  d e f e n s e  by deg rad ing  t h e  enemy's a n t i s h i p  missile c a p a b i l i t y .  (EW) 
S e r v i n g  a s  a weapons p l a t f o r m  t o  launch  a i r - t o - a i r  m i s s i l e s  a g a i n s t  
bombers and c r u i s e  missiles i 3 t  bo th  low and h igh  a l t i t u d e s .  ( A A W )  
Dayln ight  a l l -wea the r  s u r f a c e  and s u b s u r f a c e  s u r v e i l l a n c e  i n c l u d i n g  
b o t h  o v e r t  and c o v e r t  t r a c k / t r a i l  o p e r a t i o n s ;  P r o j e c t i n g  
Anti-Submarine c a p a b i l i t y  i n  remote ocean and c o a s t a l  a r e a s ,  both 
i n d i v i d u a l l y  and i n  c o o r d i n a t i o n  w i t h  f r i e n d l y  f o r c e  e lements .  
E f f e c t i v e  sha l low wa te r  ASW o p e r a t i o n  i s  e s s e n t i a l .  (ASH)  
P r o j e c t i n g  ASUW f o r c e  ( a i r - to - su r face  missiles HARPOON,  H A R M ,  
M A V E R I C K ,  and T O M A H A W K )  i!i r e m o t e  o c e a n  and c o a s t a l  a r e a s ,  b o t h  
i n d i v i d u a l l y  and i n  c o o r d i n a t i o n  w i t h  f r i e n d l y  f o r c e  elements. 
Responding t o  deve lop ing  surf 'ace t h r e a t  s i t u a t i o n s  by p rov id ing  a t t a c k  
warn ing  and/or  over- the-horizon t a r g e t i n g  pa rame te r s ,  and by 
independent  s t a n d o f f  a t t a c k .  (ASUW) 
Q u i c k  r e a c t i o n  n i n e  war fa re  ( M I W ) ,  both  i n d i v i d u a l l y  and i n  company 
w i t h  o t h e r  o f f e n s i v e  a i r c r a f t . .  
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.o P r o v i d i n g  n i g h t l d a y ,  a l l -wea the r ,  scheduled and nonscheduled COD 
f l i g h t s  and a s s o c i a t e d  r e c e i p t / d i s t r i b u t i o n  o f  m a t e r i a l ,  ma i l ,  and 
passengers .  P r o v i s i o n s  m u s t  be made t o  accommodate l a r g e  and odd s i z e  
ca rgo ,  a i r c r a f t  eng ines ,  p a l l e t i z e d  ca rgo ,  and l i t ters.  Other 
miss ions  i n c l u d e  medical  evacuat ion  and s e a r c h  and r e scue .  (COD) 
o P r o v i d i n g  n i g h t / d a y  a l l -weather  i n f l i g h t  r e f u e l i n g  for a l l  t y p e s  of  
a i r c r a f t ,  t o  ma in ta in  an a i r c r a f t  on s t a t i o n ,  t o  top-off an a i r c r a f t  
r e t u r n i n g  t o  t h e  c a r r i e r  or w a i t i n g  i n  queue t o  land .  (IFR) 
T h e s e  c o n s i d e r a t i o n s  have l e d  t o  t h e  d e f i n i t i o n  of t e n  mis s ions ,  
l i s t e d  i n  F i g u r e  3. These miss ions  a r e  he re  ranked accord ing  t o  the i r  
perceived importance t o  t h e  U.S. Navy i n  t h e  1990s and w i t h i n  t h e  c o n t e x t  
t h a t  t h e y  a r e  t o  be p e r f o r m e d  b y  a m u l t i - p u r p o s e  s u p p o r t  or u t i l i t y  
a i r c r a f t .  
The mission p r o f i l e s  a r e  shown i n  F i g u r e s  4 t h rough  13. I n  some 
c a s e s ,  a p a r t i c u l a r  performance parameter ,  i n d i c a t e d  by  an a s t e r i s k  ( * ) ,  i s  
deemed so demanding t h a t  i t  may s i g n i f i c a n t l y  compromise t h e  s i z e  and c o s t  
of t h e  a i r c r a f t .  Parameters  of t h i s  t ype  a r e  termed Category I des ign  
g o a l s .  When t h e s e  parameters  have been r e l axed  o r  e l i m i n a t e d  they  a r e  
r e f e r r e d  t o  a s  Category 2 des ign  goa l s .  These c a t e g o r i e s  a r e  d iscussed  i n  
s e c t i o n  4 . 1 . 3 .  
L AAEW - ARMED AIRBORNE EARLY WARNING 
2. An’,’ - AIRBORNE EARLY WARNING 
3. AAW - A N T I - A I R  WARFARE 
4. ASP/ - ANTI -SUBhlARINE WARFARE 
5. l 3 Y  - ELECTRONIC WARFARE 
6. SC3 - SURVEILLANCE, COMMAND,  CONTROL, AND C O M M U N I C A T I O N  
7. ASUW - ANTI-SURFACE WARFARE 
8. hZI\$’ - OFFENSIVE M I N E  WARFARE 
9. TANKER - INFLIGHT REFUELING 
10. COD - CARRIER ONBOARD DELIVERY 
Figure  3 .  Design Missions 
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F i g u r e  13 .  C a r r i e r  O n b o a r d  D e l i v e r y  Miss ion  P ro f i l e  ( C O D )  
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4.1.2 Hiss ion  D e s c r i p t i o n s  
The emphasis i n  d e f i n i n g  t h e  fo l lowing  mis s ions  is t o  p rov ide  t h e  
a b i l i t y  t o  conduct  bo th  o f f e n s i v e  and d e f e n s i v e  a i r  o p e r a t i o n s  a t  long  
d i s t a n c e s  f rom t h e  C a r r i e r  B a t t l e  Group.  I n  t h e  case o f  d e f e n s i v e  
o p e r a t i o n s  t h i s  means ex tend ing  t h e  engagement envelope  beyond t h e  c u r r e n t  
Area Defense p e r i m e t e r  i n t o  t h e  Outer  Air Bat t le  zone. The mis s ions  as  
d e s c r i b e d  are c o n t r a c t o r - d e r i v e d ,  b u t  are c o n s i s t e n t  w i th  many Navy 
r equ i r emen t s .  
4.1.2.1 Armed Airborne  E a r l y  Warning (MEW) 
I t  i s  assumed fo r  t h e  purposes  o f  t h i s  s t u d y  t h a t  t h e  F-14 a i r c r a f t  
w i l l  remain t h e  pr imary  weapons p l a t f o r m  used t o  engage enemy a i r c r a f t .  I t  
i s  a l s o  assumed t h a t  i t  i s  most advantageous t o  a t t a c k  t h e  enemy bomber 
p r i o r  t o  t h e  launch  of i t s  c r u i s e  missiles, and t h a t  i n  t h e  l a t e  199O's,  
t h e  maximum launch  range  f o r  t hese  cruise  m i s s i l e s  may be up t o  300 nm from 
t h e i r  i n t e n d e d  t a r g e t s .  The F-14  c o u l d  c o n c e i v a b l y  be  u s e d  i n  f o u r  
d i f f e r e n t  ways t o  engage t h e  enemy bombers: 
1. Deck launch  a s  a r e s u l t  of e a r l y  warning and proceed toward t h e  t a r g e t  
a t  s u p e r s o n i c  speeds .  
2. Deck launch  a s  a r e s u l t  o f  e a r l y  warning and proceed toward t h e  t a r g e t  
a t  s u p e r s o n i c  speeds  and d e p e n d  on a i r  r e f u e l i n g  t o  return.  
3. Conduc t  a combat a i r  p a t r o l  ( C A P )  o p e r a t i o n  a t  more t h a n  300  nm from 
t h e  b a t t l e  group and proceed toward t h e  t a r g e t  a f t e r  e a r l y  warning. 
4 .  Deck launch a s  a r e su l t  o f  e a r l y  warning and proceed toward t h e  t a r g e t  
a t  subson ic  speeds .  
O p t i o n  No. 1 m u s t  be r e j e c t e d  because t h e  F-14 cannot  r each  a r a d i u s  
o f  3 0 0  nm a t  s u p e r s o n i c  s p e e d s  a f t e r  d e c k  l a u n c h  and r e t u r n  w i t h o u t  
r e f u e l i n g .  
Option No. 2 ,  wh i l e  t e c h n i c a l l y  f e a s i b l e ,  i s  r e j e c t e d  on t h e  b a s i s  
t h a t  dependence on r e f u e l i n g  a f t e r  t h e  engagement i s  t o o  hazardous t o  t h e  
crew and t h e  a i r c r a f t .  
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Opt ion  No. 3 ,  a l t h o u g h  t e c h n i c a l l y  f e a s i b l e ,  h a s  o p e r a t i o n a l  
l i m i t a t i o n s :  
a >  T h e  F-14 can remain on s t a t i o n  f o r  less than  one hour a t  300 nm 
r a d i u s  wi th  s u f f i c i e n t  fuel  t o  engage one t a r g e t .  
b )  The  number of F-14s t h a t  could  be  maintained i n  a con t inuous  CAP 
o p e r a t i o n  would be r e l a t ive ly  sma l l  due t o  t h e  l a r g e  amount of  
r e s o u r c e  r e q u i r e d .  
Option No. 4 h a s  t h e  fo l lowing  p r o p e r t i e s :  
a>  T h e  AEW a i r c r a f t  m u s t  o p e r a t e  a t  r e l a t i v e l y  long  d i s t a n c e s  from 
t h e  b a t t l e  group. 
b)  A maximum number o f  P-14s could  be  made a v a i l a b l e  a t  more than  
300 n . m .  from t h e  b a t , t l e  group wi th  s u f f i c i e n t  f u e l  t o  make one 
i n t e r c e p t  w i t h  a l m o s t  o n e  h o u r  o f  l o i t e r  f u e l  r e m a i n i n g  f o r  
a d d i t i o n a l  i n t e r c e p t s  a s  r e q u i r e d .  
c )  The AEW a i r c r a f t  m u s t  be armed f o r  s e l f - d e f e n s e  s ince  i t  w i l l  
o p e r a t e  o u t s i d e  t h e  p r o t e c t i o n  of t h e  F-14s.  
O p t i o n  No. 4 i s  f u r t h e r  examined t o  de t e rmine  t h e  r a d i u s  from t h e  
b a t t l e  group a t  which t h e  A E W  a i r c r a f t  would have t o  o p e r a t e .  
T h e  t ime  r e q u i r e d  f o r  t h e  F-14 t o  proceed from combat ready deck 
l aunch  t o  p o s i t i o n  f o r  i n t e r c e p t  303 nm from t h e  b a t t l e  group i s  e s t ima ted  
t o  be l e s s  than  4 5  m i n u t e s .  
F o r  t h e  purposes  o f  t h i s  miss ion  d e f i n i t i o n  i t  i s  assumed t h a t  t h e  
enemy bombers can move a t  moderate  s u p e r s o n i c  speeds  w h i l e  c a r r y i n g  one 
e x t e r n a l  a i r - t o - s u r f a c e  c r u i s e  m i s s i l e  and a t  low s u p e r s o n i c  speeds  w i t h  
two e x t e r n a l  m i s s i l e s .  I t  i s  e s t i m a t e d  t h a t  t h e  bomber can t r a v e l  less  
than  500 nm i n  a Combination o f  subson ic  and s u p e r s o n i c  f l i g h t  d u r i n g  t h e  
45 m i n u t e s  t h a t  i t  w i l l  t a k e  t h e  i n t e r c e p t o r  t o  t r a v e l  from t h e  c a r r i e r  t o  
a p o s i t i o n  more than  333 nm from t h e  b a t t l e  group c e n t e r .  
It  i s  assumed t h a t  t h e  b a t t l e  group w i l l  deploy a t  l e a s t  two A E W  
a i r c r a f t  and t h a t  t h e  b a t t l e  group i s  provided w i t h  s u f f i c i e n t  i n t e l l i g e n c e  
t o  know t h e  a p p r o x i m a t e  d i r e c t i o n  f rom which  t h e  enemy bombers  w i l l  
approach.  
U s i n g  t h e  assumption t h a t  t h e  enemy a i r c r a f t  w i l l  approach a t  low 
a l t i t u d e ,  an e f f i c i e n t  l o c a t i o n  f o r  t h e  A E W  a i r c r a f t  i s  shown i n  F igure  1 4 .  
The A E W  coverage shown presumes a 4 5 , 0 0 0  f t .  l o i t e r  a l t i t u d e .  If t h i s  
a l t i t u d e  is  reduced ,  t h e  t o t a l  s e c t o r  coverage a v a i l a b l e  would n a t u r a l l y  be 
reduced .  An AEW a i r c r a f t  o p e r a t i n g  u n d e r  t h e s e  c o n d i t i o n s  is well beyond 
t h e  range  of d e f e n s i v e  f i g h t e r  p r o t e c t i o n .  The re fo re ,  it is  necessa ry  t o  
arm t h e  a i r c r a f t  ( u s i n g  an advanced a i r - t o - a i r  missile s y s t e m ) .  The 
miss ion  p r o f i l e  f o r  t h i s  Armed AEW a i r c r a f t  is  shown i n  F igu re  4. Wi th  a 
l o i t e r  t ime-on-stat ion of three hours ,  t h i s  mi s s ion  would r e q u i r e  a t o t a l  
f l i g h t  t ime of  up t o  seven hours .  Assuming a deck c y c l e  time of  1.75 
hour s ,  t h i s  mi s s ion  t ime i s  e q u i v a l e n t  t o  fou r  deck c y c l e s .  
The t o t a l  f l i g h t  t ime of  seven hours  imposes severe demands on t h e  
f l i g h t  crew because  of  t h e  t y p i c a l l y  very  high work load  imposed on AEW 
r a d a r  o p e r a t o r s  and c o n t r o l l e r s  and because of  t h e  res t r ic ted environment 
w i t h i n  a r e l a t i v e l y  sma l l  a i r c r a f t .  For t h e s e  r e a s o n s ,  a t o t a l  f l i g h t  crew 
o f  t w o  p i l o t s  and t h r e e  o p e r a t o r s  is p r o j e c t e d  f o r  t h i s  miss ion .  
800 Nhl 
-LOW ALTITUDE TARGET 
I 
BATTLE 
GROLlf' 
CENTER 
F i g u r e  1 4 .  O u t e r  A i r  B a t t l e  Mission Geomet ry  
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4.1.2.2 Airborne  E a r l y  Warning (AEW) 
An advanced l o n g  r ange  s u r f a c e - t o - a i r  missile system f o r  s h i p  de fense  
may become a r e a l i t y  i n  t h e  time frame t h a t  t h i s  s t u d y  addres ses .  Such a 
missile system would depend on s u i t a b l e  a i r c r a f t  for long  range  t a r g e t  
d e t e c t i o n  and missile mid-course guidance.  These missiles could  supp lan t  
t h e  F-14 a s  t h e  p r i m a r y  d e f e n s i v e  weapon a g a i n s t  a i r  l a u n c h e d  c ru i se  
miss I l es  . 
I t  w i l l  t hen  be  p o s s i b l e  folr t h e  AEW a i r c r a f t  t o  o p e r a t e  much c l o s e r  
t o  t h e  cen te r  o f  t h e  b a t t l e  g r o u p  t h a n  was t h e  case  i n  t h e  p r e v i o u s  
miss ion .  T h i s  is because  o f  t h e  g r e a t l y  reduced time of f l i g h t  of t h e  
s u p e r s o n i c  s u r f a c e - t o - a i r  miss i le  compared  t o  a s u b s o n i c  F-14. T h i s  
c o n s i d e r a t i o n  l e a d s  t o  t h e  more conven t iona l  unarmed Airborne Ear ly  Warning 
mis s ion  as  shown i n  F i g u r e  5. T o t a l  miss ion  time i n  t h i s  c a s e  would be 5 
t o  6 hour s ,  o r  about  t h r e e  d e c k  c y c l e s .  
4.1.2.3 A n t i - A i r  Warfare  ( A A W )  
To augment t h e  d e f e n s i v e  f i r epower  of  t h e  F-14 and A A E W  a i r c r a f t ,  i t  
may be d e s i r a b l e  t o  p o s i t i o n  a i r c r a f t  on s t a t i o n ,  equipped w i t h  advanced 
a i r - t o - a i r  missiles, f o r  t h e  purpose o f  engaging enemy a i r c r a f t  be fo re  t h e y  
r e a c h  t h e i r  c r u i s e  m i s s i l e  launch  l i n e .  These d e f e n s i v e  a i r c r a f t  would 
o p e r a t e  under t h e  c o n t r o l  o f  t h e  A A E W  a i r c r a f t .  
A s t u d y  o f  t h e  dynamics o f  engagement h a s  shown t h a t  an on - s t a t ion  
d i s t a n c e  o f  500 nm from t h e  b a t t l e  group i s  an e f f i c i e n t  d i s t a n c e  f o r  
a i r c r a f t  i n  t h e  AAW r o l e .  The f l i g h t  p r o f i l e  f o r  t h i s  miss ion  i s  shown i n  
F igu re  6 .  
4.1.2.4 Anti-Submarine Warfare  (Ask') 
Submarine-launched c r u i s e  missiles w i l l  have a g r e a t e r  range than 
t h e i r  a i r - launched  c o u n t e r p a r t s .  Launch d i s t a n c e s  o f  up t o  500 nrn a r e  
p o s s i b l e  i n  t h e  l a t e  1 9 9 9 s .  The ASW miss ion  shown i n  F igu re  7 p rov ides  f o r  
mon i to r ing  a sonobuoy f i e l d  a t  500 nm f o r  two h o u r s ,  p l u s  one a d d i t i o n a l  
20 
hour a t  low a l t i t u d e  f o r  l o c a l i z a t i o n  o f  a c o n t a c t ,  and a f i n a l  combat 
a l lowance  f o r  t o rpedo  a t t a c k .  
4.1.2.5 E l e c t r o n i c  Warfare  (EW) 
The e l e c t r o n i c  w a r f a r e  mis s ion ,  shown i n  F i g u r e  8,  is c o n s i s t e n t  w i t h  
t h e  speed ,  a l t i t u d e ,  and  miss ion  r a d i u s  c a p a b i l i t y  o f  a r e p r e s e n t a t i v e  
o f f e n s i v e  s t r i k e  f o r c e  ( A d  and F/A-18). The f u n c t i o n  o f  t h e  EU a i r c r a f t  
on t h i s  miss ion  i s  p r i m a r i l y  jamming. E l e c t r o n i c  war fa re  mis s ions  which 
a re  d e f e n s i v e  i n  n a t u r e ,  and i n  which  t h e  ob jec t  is t o  d e g r a d e  enemy 
t a r g e t i n g  or guidance c a p a b i l i t y ,  can a l s o  be de f ined .  However, these 
mis s ions  a r e  t y p i c a l l y  l e s s  demanding on t h e  a i r f r a m e  than  t h e  o f f e n s i v e  EW 
miss ion  shown. 
3 4.1.2.6 S u r v e i l l a n c e ,  Command, C o n t r o l ,  and Communications (SC 1 
B e c a u s e  o f  t h e  long  d i s t a n c e  (750 nm ) between t h e  Armed AEW a i r c r a f t  
and t h e  b a t t l e  group command c e n t e r ,  i t  w i l l  be necessa ry  t o  p l a c e  one o r  
more s u r v e i l l a n c e ,  command, c o n t r o l ,  and communication (SC ) a i r c r a f t  
between t h e  AEW a i r c r a f t  and t h e  b a t t l e  group i f  l i n e - o f - s i g h t  
communications a r e  t o  be main ta ined .  The f l i g h t  p r o f i l e  f o r  a i r c r a f t  
o p e r a t i n g  i n  t h i s  r o l e  i s  shown on F igure  9 .  T o t a l  mission t ime  f o r  t h i s  
a i r c r a f t  i s  c o n s i s t e n t  w i t h  t h a t  of t h e  A A E W  mission. 
3 
4.1.2.7 Anti-Surface Warfare ( A S W )  
T h i s  miss ion  i s  shown i n  F igu re  10. T o t a l  mission r a d i u s  of  500 nm i s  
c o n s i s t e n t  w i t h  t h e  p o t e n t i a l  range of s u r f a c e  ship- launched c r u i s e  
miss i les ,  The outbound l e g  o f  t h i s  m i s s i o n  i s  designed t o  keep t h e  s t r i k e  
a i r c r a f t  below t h e  r a d a r  horizon of  t h e  s u r f a c e  s h i p  t h r e a t .  A 53 nrn 
s t a n d o f f  launch  of  t h e  s t r i k e  weapon (Harpoon) i s  assumed, 
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4.1.2.8 Mine Warfare  (MIW) 
T h e  f l i g h t  p r o f i l e  f o r  t h e  mine w a r f a r e  miss ion  (MIW) is shown i n  
F i g u r e  1 1 .  The s e a  l e v e l  dash  :speed of 450 kno t s ,  i n  con junc t ion  w i t h  a 
maneuver load  f a c t o r  o f  5, i s  in t ended  t o  enhance s u r v i v a b i l i t y .  S i n c e  t h e  
a i r c r a f t  proposed in t h i s  s t u d y  are l i k e l y  t o  perform t h i s  miss ion  in 
con junc t ion  wi th  f i g h t e r l a t t a c k  a i r c r a f t  (VF/VA), t h e  performance g o a l s  o f  
t h i s  mi s s ion  (speed and a l t i t u d e )  are  consistent wi th  t h e  c a p a b i l i t i e s  o f  
t h a t  c l a s s  o f  a i r c r a f t ,  a t  l e a s t  up t o  t h e  f i n a l  sea l e v e l  dash t o  t h e  
t a r g e t ,  
4.1.2.9 In -F l igh t  Re fue l ing  (Tanker )  
The t a n k e r  m i s s i o n ,  shown i n  F i g u r e  12, i s  compat ib le  w i t h  t h e  c r u i s e  
performance c a p a b i l i t y  of t h e  A 4 ,  F/A-18, and F-14 a i r c r a f t .  A t y p i c a l  
fuel t r a n s f e r  l o a d  i s  8000 lb, but t h i s  l oad  is v a r i e d  p a r a m e t r i c a l l y  i n  
t h e  s t u d y ,  
4.1.2.10 C a r r i e r  On-Board D e l i v e r y  ( C O D )  
A c a r r i e r  on -boa rd  d e l i v e r y  r a n g e  o f  2200 nm was s e l e c t e d  a s  
r e p r e s e n t a t i v e  of  t h e  d i s t a n c e  from t h e  west c o a s t  t o  Hawaii. A t y p i c a l  
p a y l o a d  w e i g h t  i s  4 0 0 0  l b s ,  b u t  p a y l o a d  w e i g h t  was a c t u a l l y  v a r i e :  
p a r a m e t r i c a l l y  d u r i n g  t h e  s t u d y .  The miss ion  p r o f i l e  i s  shown i n  F igu re  
13. 
4.1.3 Performance Category Requirements 
A requi rement  o f  t h i s  s t u d y  was t o  de te rmine  t h o s e  miss ion  and performance 
pa rame te r s  which were most demanding and which would most s i g n i f i c a n t l y  
"dr ive"  t h e  r e s u l t i n g  a i r c r a f t  we igh t ,  s i z e  and c o s t .  A r e l axed  s e t  o f  
pa rame te r s  was then  t o  be e s t a b l i s h e d  which would r e t a i n  some mul t imiss ion  
c a p a b i l i t y  b u t  which would r e s u l t  i n  l i g h t e r ,  s m a l l e r  a i r c r a f t .  T h e  former 
group o f  parameters  i s  r e f e r r e d  t o  i n  t h i s  s t u d y  a s  "Category 1 , "  w h i l e  t h e  
l a t t e r  i s  c a l l e d  "Category 2." 
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The p a r t i c u l a r  p a r a m e t e r s  s e l e c t e d  fo r  both  c a t e g o r i e s  are l i s t e d  i n  
F i g u r e  15. The pr imary  emphasis  f o r  Category 1 h a s  been t o  p r o v i d e  both  
h i g h  speed and h igh  a l t i t u d e  c a p a b i l i t y .  The speed  r e q u i r e m e n t s  a r e  t o  
e n s u r e  c o m p a t i b i l i t y  w i t h  t a c t i c a l  a i r c r a f t  t h a t  t h e s e  s t u d y  d e s i g n  
c o n c e p t s  are i n t e n d e d  t o  s u p p o r t  and t o  enhance m i s s i o n  e f f e c t i v e n e s s  and 
s u r v i v a b i l i t y ,  p a r t i c u l a r l y  fo r  independent  o f f e n s i v e  o p e r a t i o n .  
The 45,000 f o o t  l o i t e r  a l t i t u d e  requi rement  is i n t e n d e d  t o  expand t h e  
Airborne  Early Warning c o v e r a g e ,  c o n s i s t e n t  w i t h  t h e  i n c r e a s e d  r a n g e  and 
l e t h a l i t y  of t h e  p r o j e c t e d  t h r e a t .  The Category 2 a l t i t u d e  r e q u i r e m e n t  of 
40,000 f ee t ,  w h i l e  s t i l l  a s i g n i f i c a n t  improvement o v e r  c u r r e n t  c a p a b i l i t y ,  
r e p r e s e n t s  a much more e a s i l y  a c h i e v a b l e  g o a l  t h a n  t h e  Category  1 a l t i t u d e .  
As w i l l  b e  shown l a t e r  i n  t h i s  r e p o r t ,  r a p i d l y  i n c r e a s i n g  v e h i c l e  and 
powerplan t  s ize  b e g i n s  t o  occur  a s  t h e  l o i t e r  a l t i t u d e  exceeds  40 ,000  fee t .  
I n  terms' of a i r c r a f t  s i z e  ( f u e l  l o a d ,  payload ,  e t c . )  t h e  most 
demanding m i s s i o n  i s  t h e  Armed AEW m i s s i o n  and it  was used t o  s i z e  a l l  
c o n v e n t i o n a l  t a k e o f f  and l a n d i n g  ( C T O L )  c o n c e p t s  i n  t h e  s t u d y .  The ASW 
m i s s i o n  was used t o  s i z e  t h e  S h o r t  T a k e o f f / V e r t i c a l  Landing (STOVL) 
c o n c e p t s .  The r e a s o n s  f o r  t h i s  a r e  e x p l a i n e d  i n  Section 4 . 4 . 1 .  
A summary of  t h e  c a p a b i l i t i e s  of c u r r e n t  a i r c r a f t  i s  shown i n  F i g u r e  
16. 
CATEGORY 1 
0 PERFORM ALL MISSIONS 
(TIME + DISTANCE)  
CATEGORY 2 
0 PERFORM ALL MISSIONS 
(TIME + DISTANCE) 
0 45000 FT LOITER (AAEW,AEW, SC3) 
0 .8 Mn AT 23330 FT (AAW) 
0 450 KTS A T  SEA LEVEL ( A S U W , M l W )  
0 415 KTS C R U I S E  A T  43033 FT 
(ASUW, TANKER) 
(NO SPEED GOALS IN CATEGORY 2) 
F i g u r e  15 .  Per fo rmance C a t e g o r y  D e f i n i t i o n s  
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F igure 1 6 .  Performance of Existing Aircraf t  
4.1.4 Mission Equipment and Payloads  
A summary of  mis s ion  payloads  and crew s i z e s  i s  shown i n  Tab le  I .  
Crew s i z e  f o r  each  mis s ion  has  been s e l e c t e d  based upon s t u d i e s  of  t a s k  
ass ignments  and i n d i v i d u a l  workload,  c o n s i d e r i n g  t h e  l i k e l y  l e v e l s  of 
au tomat ion  i n  t h e  1995 t imeframe.  T h e  i n c l u s i o n  of a so -ca l l ed  " p i l o t  
a s s o c i a t e "  and v a r i o u s  "expert" systems w i l l  g e n e r a l l y  resu l t  i n  a 
r e d u c t i o n  i n  crew complement r e q u i r e d  when compared t o  t o d a y ' s  a i r c r a f t .  
A c t u a l  payload  i t e m s  a r e  shown i n  F i g u r e  17 ,  drawn t o  t h e  same s c a l e .  
I t  i s  assumed t h a t  a l l  o f f e n s i v e  s t o r e s  a r e  r e t a i n e d  t h r o u g h o u t  e a c h  
mis s ion ,  excep t  ASW sonobuoys,  which a r e  expended d u r i n g  t h e  h igh  a l t i t u d e  
l o i t e r  segment of  t h a t  m i s s i cn .  A l l  t a n k e r  f u e l  i s  t r a n s f e r r e d  a t  m i d -  
m i s s ion .  
2 :  
T A B L E  I PAYLOADS AND CREW SIZE 
Crew and Equipment 
M i s s i o n  A v i o n i c s  
Pylons and Racks 
Stores: 
Missiles-AHS (6) 
Torpedoes-ALYT ( 4 )  
Sonobuoys-Mi n i  (90) 
n i n e s  ( 2 )  
C h a f f  and F l a r e s  
Fuel  
-HARPOON ( 2 )  
-HARM ( 2 )  
Car90 
ASH ASUY M I u EY C O O  Tanker  A A E U  AEU AAU S C C C  
(5) 1170 ( 5 )  1170 (2) 468 (3) 702 ( 2 )  702 ( 2 )  468 (2) 468 (3) 702 ( 2 )  468 ( 2 )  468 
5048 4548 4625 4025 1625 1625 1625 1250 
214 214 475 190 340 185 400 
1800 
54 
1800 
54 54 
3200 
1350 
54 54 
2500 
4390 
54 54 
1560 
54 5 4  
4000 
54 
8CO2 
TOTAL P A V L O A C  
~~~~ ~~~ ~~ ~~ ~ 
e286  5772 7161 4781 1406 4837 6877 3751 4922 8522 
ITEM WT. ( E A .  I ENVELOPE NO.  C A R R I E D  
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Figure 1 7 .  Payload Envelopes 
T h i s  r e p r e s e n t s  a c o n s e r v a t i v e  (and s t a n d a r d )  approach t o  mission 
d e f i n i t i o n  s i n c e  i n  most c a s e s  t h e  weapons a r e  t o o  v a l u a b l e  t o  j e t t i s o n  and 
it connot  be assumed t h a t  a t a r g e t  w i l l  be engaged o r  an a t t a c k  made on 
every s o r t i e .  On t h e  o t h e r  hand f u e l  can be j e t t i s o n e d  ( o r  t r a n s f e r r e d )  
and sonobuoys,  w h i l e  r e p r e s e n t i n g  a r e a l  c o s t ,  are n o t  as expens ive  a s  
missiles, mines ,  etc.  Fur thermore ,  because  o f  t h e  n a t u r e  o f  ASW 
~ o p e r a t i o n s ,  sonobuoys a r e  expended a s  a m a t t e r  o f  c o u r s e ,  even  i n  
I peace t ime,  and as a r o u t i n e  p a r t  o f  t r a i n i n g .  
4.1.5 Avion ics  
The phi losophy u s e d  i n  t h i s  s t u d y  t o  d e f i n e  a v i o n i c s  weight  and volume 
was t o  p r o v i d e  a common c o r e  o f  n a v i g a t i o n ,  c o m m u n i c a t i o n s ,  and d a t a  
p r o c e s s i n g  equipment f o r  each  a i r f r a m e  and t o  increment t h i s  b a s i c  
equipment w i t h  m i s s i o n - s p e c i f i c  modules f o r  Airborne Ear ly  Warning, 
Anti-Submarine Warfare ,  and E l e c t r o n i c  Warfare  v e r s i o n s  d u r i n g  a i r f rame 
manufac ture .  A l l  o t h e r  mis s ions  would use  one of t h e s e  t h r e e  v e r s i o n s  of 
t h e  b a s i c  a i r f r a m e ,  excep t  t h e  A n t i - A i r  Warfare  mis s ion .  
For t h e  AAW m i s s i o n ,  i t  i s  presumed t h a t  t h e  s u r f a c e  s e a r c h  r a d a r  of  
t h e  ASW v e r s i o n  would be removed a s  a qu ick  change module, on t h e  hangar 
deck of  t h e  c a r r i e r ,  and would be r e p l a c e d  b y  a f i r e  c o n t r o l  r a d a r  module 
compat ib le  w i t h  t h e  advanced m i s s i l e  used i n  t h e  A A W  miss ion .  
A breakdown o f  r e p r e s e n t a t i v e  a v i o n i c  weights  i s  shown i n  Table  IT. 
4.1.6 Technology Data Base 
The fo l lowing  technology l e v e l s  and assumpt ions  a r e  used d u r i n g  t h i s  
s t u d y :  
4.1.6.1 P ropu l s ion  
An I n i t i a l  O p e r a t i o n a l  C a p a b i l i t y  ( I O C )  d a t e  o f  1995 i s  assume? f o r  
t h i s  s t u d y .  C o n s i s t e n t  w i t h  t h a t  d a t e ,  t echnology r e a d i n e s s  i s  assumed t o  
be no l a t e r  t h a n  1991. S i n g l e - r o t a t i o n  propfan r e a d i n e s s  i s  assumed t o  be 
1988,  and c o u n t e r - r o t a t i o n  propfa,n r e a d i n e s s  i s  assumed t o  be 199C. 
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T A B L E  I I  AVIONICS WEIGHTS 
U J  
UUIJ COD/ 
Co r e  MY MU CCC M1Y LY lanker 
C o a u n i c a t i o n :  (418) 
Intercom System 20 
nF (Voice. L t r )  100 
VWF/UHF (Voice. ADF. Relay) 18 
UHF (Voice, Data. AOF. Relay. SATCW) 40 
k C W l  
W R S  
11s 
GPS 
Radar Altimeter 
A i r  Data C m p u t e r  
Cockpl t  Ranagement System 
SRS 
ADF - UHFJVHF 
ADF - HF 
IFF 
20 
20 
20 
20 
40 
120 
(410) 
120 
15 
10 
35 
10 
40 
10 
20 
20 
15 
40 
75 
(50)  
50 
Sensors /Oata  Processing and Display: (600) (3600) (3700)  (3200) (1250) (1000) 
E SM 150 - 
ECM - EY 1000 - ECM - Defensive 50 - 
Search Radar - 3000 3000 3000 - 
I R S T  (include F L I R )  - 200 200 200 200 
Radar (include fire Control) - 500' 500 - 500 
W \ D  52 
Acoustic 500 
Display/Processing 402 400 - 
Installation (357) (910) (925) ( 8 0 5 )  ( 3 ? 5 )  ( Z f i C ,  
M15510h AVlOf i ! ' ' :  SUETO'A, 0 451C 4625  40?: 1 6 2 5  l i 5 C  C 
504~5' 
6 6 ~ 3 '  
AVlOhlCS T O T A L  17U'. € 3 3 3  €610 5 ~ 1 b  341C 3C3i I'b! 
= Armed AEk 
'Core' represents avionic equipnert that 1 s  c m o n  tG all the miSSiOn COnfiguratiOnS. 
The equipnent listed under the other columns i s  additional to the Core equipment and I S  
used for the missions indicated i n  t h e  column heading The Mission Avionics subtotal 
1 5  shown in the Payloads bnd Cretr Size. Table I .  
Advanced t u r b o f a n  and t u r b o s h a f t  eng ine  t e c h n o l o g i e s  as r e p r e s e n t e d  by 
p a r a m e t r i c  P r a t t  and Whitney STF 686 and STS 678 eng ines  a r e  i n c o r p o r a t e d  
i n  t h i s  s t u d y  (Refe rences  1 and 2 ) .  Technology f a c t o r s  a r e  used t o  a d j u s t  
t h e  SFC and e n g i n e  weight  t o  a 1991 a v a i l a b i l i t y  d a t e .  These two eng ines  
a r e  e q u i v a l e n t  i n  terms o f  technology leve l ,  s i z e ,  and g e n e r a l  des ign  
c h a r a c t e r i s t i c s ,  p e r m i t t i n g  d i r e c t  comparison of t u rbo fan  performance w i t h  
p r o p f a n  s y s t e m s  d e r i v e d  from t h e  t u r b o s h a f t  e n g i n e ,  Both  o f  t h e s e  
p a r a m e t r i c  eng ines  were o r i g i n a l l y  de r ived  f o r  t h e  Advanced Prop-fan Engine 
Technology (APE? ' )  s t u d i e s  conducted f o r  NASA Lewis Research Center  
(Reference  3 . )  
The STS 678 is an advanced technology s t u d y  t u r b o s h a f t  engine  p r o j e c t -  
ed f o r  commercial e n g i n e  c e r t i f i c a t i o n  i n  t h e  1992 time per iod .  The STS 
678 i s  a t w i n  s p o o l  e n g i n e .  The h i g h  p r e s s u r e  s p o o l  i n c o r p o r a t e s  an 
e l even- s t age ,  a x i a l  f low h igh  p r e s s u r e  compressor d r i v e n  by a two-stage 
h igh  p r e s s u r e  t u r b i n e .  The low p r e s s u r e  s p o o l  i n c o r p o r a t e s  a two-stage 
a x i a l  flow, v a r i a b l e  geometry,  low p r e s s u r e  compressor  d r i v e n  by a four  
s t a g e  low pressure t u r b i n e  which a l s o  s u p p l i e s  t h e  power f o r  t h e  o u t p u t  
s h a f t  t o  t h e  gearbox and propfan.  
The  e n g i n e  is i n  t h e  12,000 s h a f t  horsepower c lass ,  w i t h  a des ign  
o v e r a l l  p r e s s u r e  r a t i o  of 34.  
Lack o f  a v a i l a b l e  free t u r b i n e  eng ine  d a t a ,  matched t o  a wide r ange  o f  
propfan  c o n f i g u r a t i o n s  e l i m i n a t e d  t h i s  p a r t i c u l a r  eng ine  t y p e  from t h e  
s tudy .  N e v e r t h e l e s s ,  t h e  f r e e  t u r b i n e  eng ine  is a p o t e n t i a l  c a n d i d a t e  and 
i n  f a c t ,  may be t h e  p r e f e r r e d  t y p e  o f  eng ine  f o r  t h i s  a p p l i c a t i o n .  It  i s  
p o s s i b l e  t o  more e a s i l y  match t h e  f r e e  t u r b i n e  eng ine  t o  t h e  
c h a r a c t e r i s t i c s  of  t h e  propfan p ropu l so r .  Fur thermore ,  t h e  demands o f  
c a r r i e r  o p e r a t i o n  r e q u i r e  e n g i n e s  w i t h  r a p i d  t h r o t t l e  r e sponse  d u r i n g  
l a n d i n g  approach and p o s s i b l e  waveoff.  These demands can be more e a s i l y  
met wi th  a f r e e  t u r b i n e  eng ine .  I n c o r p o r a t i n g  a p r o p e l l e r  brake  on a f r e e  
t u r b i n e  eng ine  may make t h e  issue of p r o p e l l e r  hazard on t h e  f l i g h t  dock 
e n t i r e l y  moot. 
T h e  STF 686 engine  i s  a t w i n  s p o o l ,  s e p a r a t e  f low t u r b o f a n  engine  
des igned  f o r  commercial  a p p l i c a t i o n s .  The h igh  p r e s s u r e  spoo l  i s  a sca l ed  
v e r s i o n  o f  t h e  STS 678 h igh  p r e s s u r e  s p o o l ,  made up o f  an 11-stage h igh  
p r e s s u r e  c o m p r e s s o r ,  a l o w  e m i s s i o n s  c o m b u s t o r  and a t w o - s t a g e  h i g h  
p r e s s u r e  t u r b i n e .  The low p r e s s u r e  s p o o l  c o n s i s t s  o f  a s i n g l e - s t a g e  
s h r o u d l e s s  f a n ,  a t h r e e  s t a g e  low p r e s s u r e  compressor and a f i v e - s t a g e  low 
p r e s s u r e  t u r b i n e .  
I t  a l s o  i n c l u d e s  an a c t i v e  c l e a r a n c e  c o n t r o l  system which c o n t r o l s  t h e  
c l e a r a n c e s  o f  s e v e r a l  components i n  o r d e r  t o  minimize t h e  f u e l  consumption 
a t  c r u i s e .  The s y s t e m  i s  a c t i v a t e d  f o r  a l l  o p e r a t i n g  c o n d i t i o n s  a t  
a l t i t u d e s  above 15,030 f e e t .  
T h e  STF 686 engine  has  151,350 pounds o f  t a k e o f f  t h r u s t .  Takeoff 
t h r u s t  i s  f l a t  r a t e d  u p  t o  an ambient t empera tu re  25'F above s t a n d a r d .  I-, 
a d d i t i o n ,  i t  i s  f l a t  r a t e d  u p  t o  an ambient t empera tu re  18'F above s t anda rd  
f o r  m a x i m u m  c l i m b ,  maximum c r u i s e  and maximum con t inuous  r a t i n g s .  Tn t 
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engine  h a s  a fan p r e s s u r e  r a t i o  o f  1.66, a bypass  r a t i o  o f  6.97, and an 
o v e r a l l  compression sys tem p r e s s u r e  r a t i o  of 37.2 a t  t h e  des ign  p o i n t ,  
P r o p f a n s  p r o v i d e  h i g h  p r o p u l s i v e  e f f i c i e n c e s  ove r  a wide r ange  o f  
speeds .  Data for bo th  s i n g l e  r o t a t i o n  (SRP) and c o u n t e r - r o t a t i o n  (CRP) 
propfans  i n  a v a r i e t y  o f  c o n f i g u r a t i o n s  have been provided  by Hamilton- 
S tanda rd  (References  4 and 5 ) .  
I n  a d d i t i o n  t o  t h e  propfan  concep t s ,  which Incorporate a gearbox 
b e t w e e n  t h e  e n g i n e  and  t h e  p r o p u l s o r  ( p r o p f a n ) ,  t h e  G e n e r a l  E l e c t r i c  
Unducted Fan (IJDF), or g e a r l e s s  p r o p e l l e r  concep t ,  is a p o t e n t i a l  c a n d i d a t e  
t o  p r o p e l  t h e  a i r c r a f t  i n  t h i s  s tudy .  A b r i e f  comparison h a s  been made 
based upon t h e  p r o j e c t e d  GE36 UDF. 
A l l  p r o p u l s i o n  systems u s e d  i n  t h i s  s t u d y  are s c a l e d  ove r  a f a i r l y  
wide r ange  o f  r a t e d  t h r u s t .  T h i s  s c a l i n g  was accomplished u s i n g  f a c t o r s  
provided by t h e  manufac tu re r s  t o  account  f o r  t h e  non- l inear  e f f e c t s  o f  
s c a l i n g  on SFC and eng ine  weight.  
Although t h e  p a r a m e t r i c  eng ines  used i n  t h i s  s t u d y  a r e  opt imized  f o r  
c o m m e r c i a l  a p p l i c a t i o n ,  t h e y  a r e  s u i t a b l e  f o r  t h e  t y p e s  o f  m i l i t a r y  
mis s ions  d i s c u s s e d  i n  p rev ious  s e c t i o n s  o f  t h i s  r e p o r t .  I t  i s  p robab le  
t h a t  any eng ine  selected f o r  t h i s  c l a s s  o f  a i r c r a f t  would be de r ived  from a 
commercial v e r s i o n ,  i f  p o s s i b l e ,  t o  minimize RDT&E c o s t s .  I f  t h e  e n g i n e s  
were des igned  from t h e  o u t s e t  f o r  m i l i t a r y  u s e ,  fo l lowing  common p r a c t i c e s ,  
t hey  would l i k e l y  be opt imized  t o  f avor  l i g h t e r  engine  weight  and h ighe r  
speed a t  some c o s t  i n  c r u i s e  SFC and engine  Time Between Overhauls  (TB3;. 
T h i s  would probably  b e  achieved by u s i n g  lower o v e r a l l  p r e s s u r e  r a t i o s  and 
h i g h e r  t u r b i n l e  i n l e t  temperatures .  
T h e  t o t a l  r ange  o f  p ropu l s ion  concep t s  and propfan combina t ions  t h a t  
i n v e s t i g a t e d  i n  t h i s  s t u d y  a r e  shown i n  F igu re  18. 
4.1.6.2 S u p e r c r i t i c a l  Aerodynamics 
Aft- loaded a i r f o i l s  ( s u p e r c r i t i c a l )  a r e  inco rpora t ed  i n  t h i s  s t u d y .  
They have a s i g n i f i c a n t  d r a g  r educ t ion  b e n e f i t  a t  h igh  subson ic  speeds ,  a %  
t h e  expense c'f a s l i g h t l y  h ighe r  i ncompress ib l e  d rag  l e v e l  and a re la t ive : ;  
h i g h  n e g a t i v e  p i t c h i n g  moment. Act ive  c o n t r o l s  and r e l axed  s t a t i c  
s t a b i l i t y  a r e  inco rpora t ed  t o  s h i f t  t h e  C G  a f t  t o  coun te r  t h e  t r i m  d rag  
3 C  -, 
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Figure 18. Propulsion Combinations 
e f f e c t  o f  t h e  n e g a t i v e  p i t c h i n g  moment. I n  a d d i t i o n ,  t h e  b a s i c  
s u p e r c r i t i c a l  s e c t i o n  i s  m o d i f i e d  s l i g h t l y  t o  m i n i m i z e  t h e  n e g a t i v e  
p i t c h i n g  moment. 
4.1.6.3 All-Electric Systems 
The rep lacement  of h y d r a u l i c  systems w i t h  e l e c t r i c a l  ones will resu l t  
i n  s m a l l e r  a c t u a t o r  s i z e s  and reduced weight .  This  i s  r e f l e c t e d  i n  t h e  
s t u d y  a s  an i n c r e a s e  over  s t a t i s t i c a l l y  p r e d i c t e d  e l e c t r i c a l  systerri weight 
and a co r re spond ing  ( b u t  g r e a t e r )  r e d u c t i o n  i n  h y d r a u l i c  system weight .  
4.1.6.4 Relaxed S t a t i c  S t a b i l i t y  
Reduced p o s i t i v e  s t a t i c  s t a b i l i t y ,  a r t i f i c i a l l y  augmen ted  
e l e c t r o n i c a l l y ,  w i l l  r e s u l t  i n  reduced t a i l  s i z e  ( o r  canard s i z e )  w i t h  a 
co r re spond ing  r e d u c t i o n  i n  s t r u c t u r e  we igh t ,  
4.1.6.5 Act ive  C o n t r o l s  
The high a l t i t u d e  r equ i r emen t s  and long  l o i t e r  t imes  f o r  t h e  a i r c r a f t  
i n  t h e  s t u d y  d r i v e  t h e  w i n g  a s p e c t  r a t i o  u p  f o r  reduced induced d r a g .  T h i s  
h a s  a d e t r i m e n t a l  e f f e c t  on r i d e  q u a l i t y  a t  high speed a n d  low s l t i t u d e .  
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Act ive  c o n t r o l s  e f f e c t i v e l y  improve t h e  r i d e  q u a l i t y  by r educ ing  t h e  g u s t  
r e sponse  of  t h e  a i r c r a f t .  T h i s  technology i s  i n c o r p o r a t e d  through an 
a p p r o p r i a t e  weight p e n a l t y  i n  t h e  c o n t r o l  system. 
4.1.6.6 Fly-By-Wire 
Fly-by-wire c o n t r o l  systems are c o n s i s t e n t  w i th  t h e  concept  of an 
a l l - e l e c t r i c  a i r p l a n e  and  w i t h  t h e  i n c o r p o r a t i o n  o f  r e l a x e d  s t a t i c  
s t a b i l i t y  and a c t i v e  c o n t r o l s .  
4.1.6.7 Avionics 
Advanced a v i o n i c s  sys tems a r e  assumed for a l l  miss ion  a p p l i c a t i o n s .  
They are  r e p r e s e n t e d  by s m a l l e r  "b lack  boxes" and reduced weight .  The 
s u r v e i l l a n c e  radai- used i n  t h e  AEW and SC3 miss ions  is assumed t o  be a 
th ree-e lement  e l e c t r o n i c a l l y  scanned and s t e e r e d  phased a r r a y ,  mounted i n  a 
radome. Confo rma l  a n t e n n a  a r r a y s ,  i n t e g r a t e d  i n t o  t h e  a i r f r a m e ,  a r e  
t e c h n i c a l l y  f e a s i b l e  i n  t h e  1995 t imeframe,  bu t  t h e  r a d a r  performance 
r e q u i r e m e n t s ,  w h i c h  f a v o r  l o w e r  r a d a r  f r e q u e n c i e s ,  t e n d  t o  make t h e  
a s s o c i a t e d  a i r f r a m e  compromises c o n s i d e r a b l e .  Because o f  t h e  n a t u r e  o f  t h e  
s u r v e i l l a n c e  problem, f u l l  360' antenna  coverage  i s  r e q u i r e d  and t h i s  i s  
d i f f i c u l t  t o  a c h i e v e  i n  a r e l a t i v e l y  s m a l l  a i r f r a m e  w i t h  a c o n f o r m a l  
i n s t a l l a t i o n .  Fu r the rmore ,  t h e  p e n a l t y  a s s o c i a t e d  w i t h  r e t a i n i n g  t h e  
conformal  r a d a r  on o t h e r  v e r s i o n s  o f  t h e  a i r c r a f t  o r  on mis s ions  w h i c h  do 
no t  r e q u i r e  r a d a r  a r e  cons ide red  p r o h i b i t i v e .  
An a n a l y s i s  (sf t h e  p o s s i b l e  range of  r a d a r  f r e q u e n c i e s  which might be 
used f o r  a high r e s o l u t i o n  s u r v e i l l a n c e  r a d a r  r e s u l t e d  i n  t h e  s e l e c t i o n  o f  
t h e  low end of  t h e  L-band (800  MHz) a s  t h e  b e s t  compromise among a number 
of  pe r fo rmance - re l a t ed  f a c t o r s .  A drawing of t h e  proposed L-band phased 
a r r a y  radome i s  shown i n  F igure  1 9 .  
Modular a v i o n i c s ,  a s  d i s c u s s e d  i n  S e c t i o n  4 . 1 . 5  and l i s t e d  i n  Table  
11, r e p r e s e n t  a s u b s t a n t i z l  r e d u c t i o n  i n  weight and volume compared t o  
p r e s e n t  sys tems.  
4.1.6.8 Materials 
F i g u r e  20 shows t h e  p e r c e n t a g e s  of t h e  v a r i o u s  t y p e s  of m a t e r i a l s  t h a t  
are  assumed t o  be used  i n  t h e  s t u d y  a i r c ra f t .  Aircraft i n  t h i s  s t u d y  w i l l  
be c o n s t r u c t e d  p r i m a r i l y  from advanced technology materials.  The i n c l u s i o n  
of t h e  mater ia ls  shown is accounted  for by t h e  a p p l i c a t i o n  of " technology 
factors" t o  s t a t i s t i c a l l y  p r e d i c t e d  s t r u c t u r e  group weights .  
The t r e n d  i n  a i r c r a f t  s t r u c t u r a l  d e s i g n  is t o  r e p l a c e  conven t iona l  
aluminum a l l o y s  a lmost  e n t i r e l y  w i t h  o r g a n i c  matrix composites ( g r a p h i t e l  
e p o x y ,  Kevlar /epoxy)  and metal matrix composites ( s i l i con  carbide/alumlnum, 
because  of t h e  s i g n i f i c a n t  s t r e n g t h  and s t i f f n e s s  advantages  a n d  reduced 
weight .  
4.1.7 C a r r i e r  C o m p a t i b i l i t y  
A i r c r a f t  concep tua l  d e s i g n s  gene ra t ed  d u r i n g  t h i s  s t u d y  are  c o m p a t i b l e  
w i t h  o p e r a t i o n s  from CV59 ( F o r r e s t a l )  c l a s s  and l a r g e r  c a r r i e r s .  C r i t e r i a  
L I 26.9 FT c 
-. 
I 
Figure 1 9 .  L-Band Radar  Radome 
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MATERIAL 
6 - 10 
9 - 11 
ADVANCED ORGANIC 
MATRIX COMPOSITES 
x x  
X 
ADVANCED ALUMINUM 
ADVANCED TITANIUM 
ADVANCED STEELS 
~ 
STANDARD STEELS 
MISCELLANEOUS 
I AREA OF APPUCATION I 
25 - 35 
6 - 8  
F i g u r e  20.  P ro jec ted  S t r u c t u r a l  Ma te r ia l  M i x  
f o r  c a t a p u l t  and a r r e s t i n g  (waveoff )  performance a r e  shown i n  F i g u r e  21. 
I n  g e n e r a l ,  b e c a u s e  o f  t h e  h i g h  t h r u s t - t o - w e i g h t  r a t i o s  n e c e s s a r y  t o  
ach ieve  h igh  a l t i t u d e  and/or  h igh  speed ,  ca r r ie r  s u i t a b i l i t y  f a c t o r s  a r e  
n o t  l i m i t i n g  i n  t h i s  s t u d y .  
A composi te  diagram o f  a p p l i c a b l e  hangar  deck and e l e v a t o r  r e s t r i c -  
t i o n s  i s  shown i n  F igu re  22. Except f o r  AEW radome c l e a r a n c e  on t h e  hangar 
d e c k ,  none o f  t hese  r e s t r i c t i o n s  i s  a f a c t o r  i n  t h i s  s t u d y .  
4.1.8 P r o j e c t e d  F l e e t  S i z e  
A number of  a i r c r a f t  t y p e s  a r e  c u r r e n t l y  deployed a s  p a r t  o f  a t y p i c a l  
C a r r i e r  Air Wing. A r e p r e s e n t a t i v e  a i r  wing may t o t a l  85 a i r c r a f t ,  o f  
which perhaps  22 a r e  c a n d i d a t e s  f o r  rep lacement  b y  a s i n g l e  advanced m u l t i -  
purpose  t y p e  a s  shown i n  Table  111. Carrier-on-board d e l i v e r y  a i r c r a f t ,  a s  
well a s  land-based ( b u t  c a r r i e r - s u i t a b l e )  E l e c t r o n i c  Warfare  (EX) a i r c r a f t  
and Marine Air Wing EW a i r c r a f t ,  which a r e  not  normally p a r t  o f  an embarked 
C a r r i e r  Air W i n g ,  a r e  a l s o  c a n d i d a t e s  f o r  rep lacement .  T h i s  i s  sumnarized 
i n  Table  IV. Expanding t h e s e  f i g u r e s  t o  account  f o r  t h e  t o t a l  a u t h a r i z e - ,  
0 CV 59 (FORWTAL.) AND LARGER CARRIERS 
0 C7 CATAPULT 
0 MK7-MOD3 A R E S T I N G  GEAR 
0 TROPICAL (90°) DAY 
0 .065 a1g - CATAPULT (BOTH ENGINES OPERATING) 
500 FPM - WAVEOFF (ONE ENGINE INOPERATIVE) 
ZERO WIND OVER DECK OR LESS 
Figure 2 1 .  Carr ier  Suitabil i ty Cri ter ia  
HANGAR BAY D I V I S I O N  DOOR 
MAX OPENING  64 FT' 
M A X  DOOR 
S I L L  
5.75 I N  
FORRESTAL ICV 59) CLASS 
Figure 2 2 .  Carr ier  Geometric Limitations 
ORIGlNAL PAGE fS 
OF POOR QUALITY 
TABLE 1 1 1  REPRESENTATIVE CARRIER AIR  WING 
AIRCRAFT TVPE --
f-14, f / A - 1 8  
A-7. F / A - 1 8  
A-6, W-6D 
f- 3A 
9-3H 
EA-66 
E - P B / C  
FUNCTION 
F I W E R  (RECONNAISSAWCE] 
LIGHT ATTACK 
)IEOIW ATTACK, TANKER 
ANTI-SUMRINE YARFARE 
( f I X E O  WING) 
ANTI-SUleWRIWE YARFARE 
(ROTARY YIWG) 
ELECTRONIC WARFARE 
AIRBORNE EARLY YARNING 
SOUADRON 
2 
2 
1 
1 
1 
CANDIDATE 
AIRCRAFT APSW 
24 
t 4  
14 
10 
6 
4 
10  
4 4 
4 4 
186 I22 
- - 
. 
T A B L E  I V  CURRENT SUPPORT A I R C R A F T  FLEET SIZE 
Aircraft Function 
VAY E-?C Airborne Early Uarning 
V5 5 - 3  h:i-Submarine Uarfart 
V AQ EA-6B Electronic Yarfare 
VP LA-36 Electronic Uarfare 
VA): KA-6D Tanker 
Vh; C - ?  C a r r i e :  Onboard Deliver\ 
h s u m e s  1- acc1ve. 7 reserve Cb'h"~; 
3 nctive. 1 reserve 
K O .  per  No. p e r  
Cvr. UAii 
I. 0 
10 0 
L 5 
( 2  Sqn Total) 0 
L 0 
(60 A l C  ?ora l  I C 
- -  
Currenrl) 12 acrivr. 
2 reserve C W  
Total Ut 
Aircraf 1 '  
6- 
160" 
e&*** 
12 
6 4  
5b 
**  Currenrl?. L'S reserve sqn'6 do not have aircraft; there are 11 cqn'b 
for a Sqr ,  i l i  o !  1 1 0 .  
* * *  There  are currently no reserve VA? squadrons, and there are fewer 
VAG detachment5  than C V L " 5 .  Continued EA-6 production m a y  rectif) t h i b .  
35 
U n i t  Equipment ( U E )  s t r e n g t h ,  as well as  various training, support, and 
replacement a i rcra f t ,  projected for the l a t e  1990s yields a potential 
production of over 700 airframes, as shown i n  Table V .  
T A B L E  V PROJECTED SUPPORT A I R C R A F T  FLEET S IZE 
PossiLlr Future i?& Composition d t h  hmed A€X, 
Combined J-er and SIGIKT, No Tanker 
Trdi n i ng 
Sqn Totdl Teb: t Toral 
I Y E -  UE 6 S u p p o r t  Pipeline 
VAW 3, 10 4 2  
VFAL 96 29 125 
v s  160 4 8  206 
VAQ,'L% 1DU 30 130 
V'RC 50 1 5  65 
L 
1 3  
21 
1 3  
7 
A t  t r l t  ion  
(est.) 
7 
31 
16 
5 U  
8 
1ur.Il 
Total 
53 
-
169 
? L 5  
201 
60 - 
7.u 
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4.2 TASK I1 - CONCEPTUAL DESIGN 
The o b j e c t i v e  o f  Task I1 is t o  ob ta in  f i r s t  o rde r  approximations f o r  
" o p t  imized" tu rbofan  and propfan a i r c r a f t  concepts  which w i l l  accomplish 
t h e  performance g o a l s  ( e i t h e r  Category 1 or Category 2) and t h e  missions 
desc r ibed  i n  Task I. From t h e  d e s i g n e r ' s  p o i n t  o f  v i ew,  t h i s  process  
C o n s i s t s  of  i n v e s t i g a t i n g  conf igu ra t ion  o p t i o n s  which w i l l  accommodate t h e  
equipment,  crew, payloads,  and propuls ion u n i t s  def ined  i n  Task I ,  and, 
cons ide r ing  v e h i c l e  s i ze ,  ship-board o p e r a t i o n s ,  s t r u c t u r a l  and aerodynamic 
i m p l i c a t i o n s ,  a c c e s s i b i l i t y ,  e tc . ,  s e l e c t i n g  a "best" conceptual  
conf igu ra t ions .  T h e s e  conf igu ra t ions  may be d i f f e r e n t  f o r  t h e  turbofan  and 
t h e  propfan propuls ion system. 
From t h e  a n a l y s t ' s  po in t  of  v iew,  t h e  f i r s t - o r d e r  op t imiza t ion  process  
c o n s i s t s  o f  e x e r c i s i n g  no t iona l  tu rbofan  and propfan conf igu ra t ions  aga ins t  
t h e  va r ious  mission requirements  f o r  a range o f  d e s i g n  parameters  ( w i n g  
l oad ing  and t h r u s t / w e i g h t )  t o  determine: ( 1 )  most c r i t i c a l  m i s s i o n ( s ) ,  (2)  
most c r i t i c a l  performance requirements ,  (3) r e l a t i v e  "compat ib i l i ty"  of  t h e  
v a r  i ou s m i  s s i on s . 
Deta i led  op t imiza t ion  of  veh ic l e  parameters  i s  reserved f o r  Task 111. 
The pr inc : ipa l  a n a l y t i c a l  t o o l  used d u r i n g  conceptual  des ign ,  and l a t e r  
d u r i n g  t h e  more d e t a i l e d  a n a l y s i s  of Task I11 i s  a l a r g e  Configurat ion 
Analysis  Program ( C A P )  shown schemat ica l ly  i n  Figure 23. T h i s  prograr: 
p e r m i t s  t h e  rap id  s i z i n g  of var ious  conf igu ra t ions  ( f o r  m i n i m u m  Takeoff 
Gross  W e i g h t )  a g a i n s t  a p a r t i c u l a r  s e l e c t e d  m i s s i o n  (time a n d  d i s t a n c e )  
w h i l e  s imul taneous ly  computing a d d i t i o n a l  performance parameters and 
a l t e r n a t i v e  mission c a p a b i l i t y .  
4.2.1 Design 
The conceptual  design process  f o r  t h i s  s t u d y  has been broken dowr; i n t o  
f i v e  s e q u e n t i a l  s t e p s :  
1 .  Fuselage envelope d e f i n i t i o n .  
MISSION DEFINITIONS, 
PAYLOADS, BASIC GEOMETRY, 
OTHER REQU I REMENTS A 
-7 - - - -_  ----- 
I 
I 1 
I 
I 
SIZED A I R C R A F T  
Figure 2 3 ,  Configuration Analysis Program Schematic 
2. S e l e c t i o n  of nominal b a s e l i n e  g e o m e t r i c  p a r a m e t e r s ,  
3. P r o p u l s i o n  i n s t a l l a t i o n  d e f i n i t i o n .  
4 .  E x p l o r a t i o n  of  c o n f i g u r a t i o n  o p t i o n s .  
5.  Q u a l i t a t i v e  e v a l u a t i o n  of  c o n f i g u r a t i o n s .  
A b r i e f  d e s c r i p t i o n  o f  each s t e p  f o l l o w s :  
4 .2 .1 .1  Fuse lage  D e f i n i t i o n  
The c e n t r a l  problem i n  d e s i g n i n g  t h e  f u s e l a g e  i s  one o f  packaginL: 
weapons and p a y l o a d ,  crew,  f u e l ,  and equipment .  A t  t h e  o u t s e t ,  i t  w a s  
dec ided  t h a t  a l l  weapons and d i s p o s a b l e  payload would be accommodated i n  a 
l a r g e  u n o b s t r u c t e d  i n t e r n a l  weapons b a y ,  l o c a t e d  on t h e  a i r c r a f t  c e n t e r  o c  
g r a v i t y .  A composi te  of a l l  mi s s ion  s t o r e  e n v e l o p e s  p l u s  c l e a r a n c e  
r e q u i r e m e n t s  y i e l d e d  weapons bay dimensions o f  3 . 1  f t  x 6.5  f t  x 17.7 f t .  
Around t n i s  weap3ris b a y ,  c r e ~ ,  f u e l ,  s e n s o r s ,  and equ ipnen t  w ~ u l ?  b c  
3s 
ORIGIKAL $AGi is 
POOR QUALrn 
a r r a n g e d .  T h i s  l e d  t o  t h e  schematic  l a y o u t  shown i n  F igure  24. A 
philosophy was establ ished ear ly  i n  t h i s  design task: a s ing le  m i n i m u m  
f u s e l a g e  package (55 f t  overal l  l ength) ,  referred t o  a s  the Mk 1 would be 
developed for  the  A S W ,  A A W ,  A S U W ,  HIW, TANKER, EW, and possibly t h e  COD 
m i s s i o n s  ( a l l  missions which do not require survei l lance radar ) .  The Mk 1 
f u s e l a g e  configured for  the  ASW ro le  is shown i n  Figure 25. Key fea tures  
of t h e  Mk 1 fuselage include accommodations f o r  up t o  four crew members 
seated i n  forward facing zero-zero eject ion s e a t s ,  a c e n t r a l  a i s l e  w i t h  
"stand-up" space t o  r e l i e v e  crew fa t igue  on extended missions, a weapons 
bay located on t h e  a i r c r a f t  center-of-gravity (cg 1, fuselage fue l  tanks,  
a l s o  centered a t  t h e  a i r c r a f t  c g ,  and a la rge  nose radome compartment 
s i z e d  t o  house the  ASW search radar scanner or  a l t e r n a t i v e l y  the smaller 
AAW f i r e  control  radar scanner and t ransmit ter  module. 
3 For the  Armed A E W ,  AEW, and SC missions, additional crew s t a t i o n s  a re  
required;  hence, a three foot p l u g  was added i n  the  forward fuselage t o  
accommodate a f i f t h  and possibly s i x t h  crew member. This addition would be 
balanced by the i n s t a l l a t i o n  of the survei l lance radar radome a f t .  T h i s  
r e s u l t e d  i n  the  Mk 2 fuselage,  shown configured for  the Armed AEW mission, 
i n  Figure 26. 
I 6 . 5  F T  x 3 . 1  F T  WEAPONS B A Y  x 1 7 . 7  FT  1 
PLUS 
CREW 
COMPARTMENl 
(WITH 6 . 3  FT TALL AISLE) TJ-q-, 
LID.3 
! 
PLUS 
AFTERBODY & 
SCANNER 
ENVELOPE 
F i g u r e  2 4 .  F u s e l a g e  Layou t  
STAND-UP SPACE (20 X 76) 
I INCHES 7 KK-46 TORPEDO ( "7 
wons 
DOOR 
OUTBOARD SONDBUOV CHUTE RACK (2) 
CENTERLIWE 
IN-FLIGHT 
REFUELING PROBE 
Figure 2 5 .  MK1 Fuselage Inboard Profile (ASW) 
I 
W 
A-A 8-H 0-0 c- c 
A f h  SCkFZr RAJLF R C D j V !  
( T Y P I C A L  L O C A T l G h )  
F I R E  C O h T R O l  
RADAh S C A t i f t E ) .  
Figure 2 6 .  MK2 Fuselage Inboard Profile ( A A E W )  
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4.2.1.2 B a s e l i n e  Geometric Pa rame te r s  
To e s t a b l i s h  a p o i n t  o f  d e p a r t u r e  for t h e  s t u d y  o f  c o n f i g u r a t i o n  
o p t i o n s ,  a s e t  o f  b a s e l i n e  geomet r i c  and g e n e r a l  a i r c r a f t  p a r a m e t e r s  was 
s e l e c t e d  b a s e d  on p r e v i o u s  Navy m u l t i p u r p o s e  c o n f i g u r a t i o n  s t u d i e s ,  
e x p e r i e n c e  w i t h  t h e  Lockheed  S-3A Navy ASW a n d  COD a i r c r a f t ,  a n d  
p r e l i m i n a r y  a n a l y s i s  conducted f o r  t h i s  s t u d y .  The i n i t i a l  p a r a m e t e r s  are  
l i s t e d  i n  T a b l e  V I .  
4.2.1.3 B a s e l i n e  P r o p u l s i o n  I n s t a l l a t i o n s  
P r e l i m i n a r y  p r o p u l s i o n  i n s t a l l a t i o n  d rawings ,  such  a s  t h e  a r r angemen t s  
shown i n  F i g u r e s  27,  28,  and 29 were p repa red  f o r  t u r b o f a n  and p ropfan  
c o n c e p t s .  The t u r b o f a n  n a c e l l e  arrangement  was deve loped  around t h e  P r a t t  
and Whitney STF 686 t u r b o f a n .  
T A B L E  VI  GEOMETRIC ASSUMPTIONS 
S u r f a c e  Geometry 
Wing H o r i z o n t a l  T a i l  V e r t i c a l  T a i l  
TAPER R A T I O  0 . 3  0 .35  0 . 3 3  
ASPECT RATIO 7 4 1 . 1  
SWEEP 25' L . E .  Oo T.E.* Oo T.E.* 
* L . E .  Sweep i s  a f u n c t i o n  of t a p e r  and a s p e c t  r a t i o  
T a i l  Volume 
H o r i z o n t a l  T a i l  Volume = 0 .60  
V e r t i c a l  T a i l  Volume = 0.066 
I n i t i a l  B a s e l i n e  A i r c r a f t  S i z i n n  
Thrust-to-Weight R a t i o  = 0.5 
Wing Loading = 100 PSF 
Takeoff  Gross Weight  = 42 ,000  LB 
- _ _ _ _  
*- 
-Georpia Company I .  
I 
PRATT 6 YHITr lEY STF 6 8 6  TURBOFAN EHGINC 
ENGINE SCALED TO 1 0 , 5 0 0  L B  THRUST 
ENGINE SCALE FACTOR = 0.57 
RADIAL SCALE FACTOR = 0.80 
CORE MAX DIAM = 4.18 FT 
CORE OVERALL LENGTH = 7.92 FT 
A X I A L  SCALE FACTOR = 0.88 ---[%- 
'-/ r E N G I N E  CORE EINT PYLON BOX BEAtl 
THRUST NNT- 
I 
4.67 FT a 
18.0 FT---- 
Figure 27.  Turbofan Ins ta l la t ion  (Typ ica l )  
LINE SPLIT PATH GEARBOX 
P R A l l  & W H  ITNEY STS 
678 TURBOSHAFT ENGIN 
LOAD I NG 
P R I M A R Y  STRlJCTURE 
INLET A S S Y S  SECONDARY STRUCTURE 
F i g u r e  2 8 .  T r a c t o r  P r o p f a n  Ins ta l la t ion  Concept  ( T y p i c a l )  
4 2  
0R:GSNfr.L F;?&L 
OF POOR QUALITY 
0.8 PROP D I N  
PRATT & YHITWEY STS 678 TURBOSHAFT E H G l t l E  
ENGINE SCALE0 TO 6364 SHP 
R A D I A L  SCALE FACTOR = 0.82 
AXIAL SCALE FACTOR = 0.89 
C U E  ( 4 x 4 )  COUNTER-ROTATION PROPFAR 
80 SHP/SQ Fl D I S K  LOADING 
1.61 FT 
EXHAUST S P L I T - E L B M I  OUCT 
THRUST WUtdT 2 
Figure 2 9 .  Pusher Propfan Installation (Typical) 
E a r l y  p ropfan  n a c e l l e  a r r angemen t s ,  i n c l u d i n g  t r a c t o r  and pusher  t y p e s  
i n  bo th  overwing and underwing c o n f i g u r a t i o n s ,  were developed around t h e  
P r a t t  and W h i t n e y  STS 678 t u r b o s h a f t  core e n g i n e  d r i v i n g  an &blade  ( 4 x 4 )  
c o u n t e r - r o t a t i o n  p ropfan  t C R P j .  
4 .2 .1 .4  Layout o f  C o n f i g u r a t i o n s  and Op t ions  
C o n f i g u r a t i o n  g e n e r a l  a r r angemen t s  f o r  a wide v a r i e t y  of  c o n c e p t s  were 
deve loped .  C o n f i g u r a t i o n  combina t ions  were c o n s i d e r e d  f o r  t h e  f o l l o w i n g :  
0 FUSELAGE b a s e l i n e  Mk 1 
0 PROPULSION 
Turbofan 
- wing pylon mounted 
- f u s e l a g e  mounted ( a f t )  
Propfan  
- wing mounted 
und erwi n g 
overwing 
- t a i l  mounted - t r a c t o r  
- pushe r  
o W I N G  LOCATION 
Midwing, above weapons bay, l a n d i n g  g e a r  i n  t h e  wing root 
Highwing, l a n d i n g  g e a r  podded or i n  n a c e l l e  
o EMPENNAGE 
Mid-fuselage h o r i z o n t a l ,  c o n v e n t i o n a l  
" T - t a i l "  
T w i n  fins 
High-fuselage c o n v e n t i o n a l  
Mid-fin 
Canard 
S e v e r a l  of t h e  c o n f i g u r a t i o n  o p t i o n s  a r e  shown i n  F i g u r e  3C. 
4.2.1.5 C o n f i g u r a t i o n  E v a l u a t i o n  
The e v a l u a t i o n  o f  t h e  v a r i o u s  c o n f i g u r a t i o n s  was c o n d u c t e d  
s u b j e c t i v e l y ,  t h rough  t h e  a p p l i c a t i o n  o f  a s e r i e s  of s imple  c r i t e r i a ,  
r e l a t i n g  t o  b a s i c  a i r c r a f t  d e s i g n  p r a c t i c e s ,  s p e c i a l  problems of c a r r i e r  
s u i t a b i l i t y ,  s t o r e  and s e n s o r  i n t e g r a t i o n ,  p r o p u l s i o n  i n t e g r a t i o n ,  an2 
a c o u s t i c  f a c t o r s .  The v a r i o u s  ' c r i t e r i a  were weighted a c c o r d i n g  t o  r e l a t i v e  
impor t ance ,  and each c o n f i g u r a t i o n  was r a t e d  a g a i n s t  each c r i t e r i o n .  L 
t o t a l  o f  22 c o n f i g u r a t i o n s  were e v a l u a t e d  a g a i n s t  1 4  s e p a r a t e  c r i t e ~ i ~ .  
C o n f i g u r a t i o n s  and c r i t e r i a  a r e  l i s t e d  i n  Table  VII. The c o n f i g u r z t i o r ! =  
which were s e l e c t e d  a s  a r e s u l t  of  t h a t  e v a l u a t i o n  a r e  shown i n  F i g u r e s  3 :  
and 3 2 .  
T h e  t u r b o f a r  c o f i c e p t  i : j  a c o n v e n t i o n e l  a r r a n g e m e n t  with ~ i n r  
pylon-mounted e n g i n e s .  Fuse lage  mounted e n g i n e s  o f f e r e d  some advan tages  
4:  
'T- 
PROPULSION LOCAT I ON 
w NC POSITION 
fn 
EMPEN NACE L O C A T  I ON 
F i g u r e  3 0 .  C o n f i g u r a t i o n  O p t i o n s  
T A B L E  VI1 CONCEPTS AND SELECTION C R I T E R I A  
o C0f;FICCIUTIONS 
TCRB0F.M 
AFT T A I L ,  Y I W I N G ,  C O h Y E S T I O K X  PYLON 
AFl T A I L ,  t!Im’INC. FUSELAGE ?IOL%TED 
AFT T A I L ,  HIGHh’INC, COKVEh710tiAL PYLON 
AFT T A I L .  HICHUISG.  n’SELACE I’IOL%TED 
PROPFAY-TRACTOR 
AFT T A I L ,  MIDL’ING. LWDERWINC NACELLE 
AIT T A I L ,  Y I I U I N G .  OVERWING NI\CELLE 
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Figure 3 1 ,  Selected Turbofan  Concept 
Figure 3 2 .  Selected Propfan Concept 
from t h e  s t a n d p o i n t  o f  wing mounted s t o r e  a t t achmen t  and r e l e a s e .  Fuse lage  
moun t ing ,  however, p r e s e n t s  a i r c r a f t  b a l a n c i n g  problems by o f f s e t t i n g  t h e  
e n g i n e  w e i g h t  w e l l  a f t  o f  t h e  a i r c r a f t  center  o f  g r a v i t y  ( c g ) .  Normally 
t h e  w e i g h t  o f  a f t  mounted e n g i n e s  would be ba l anced  by moving t h e  f u s e l a g e  
forward with respect t o  t h e  w i n g .  T h i s  o p t i o n  i s  n o t  a v a i l a b l e  i n  t h i s  
s t u d y  because  o f  t h e  r e l a t i o n s h i p s  between t h e  f u s e l a g e  c o n t o u r s ,  i n t e r n a l  
weapons  bay l o c a t e d  on t h e  c g ,  and wing l o c a t i o n  w i t h  r e s p e c t  t o  t h e  cg  a s  
d i c t a t e d  by s t a b i l i t y  and c o n t r o l  r e q u i r e m e n t s .  
The s e l e c t e d  propfan b a s e l i n e ,  a l t h o u g h  unconven t iona l  i n  appea rance ,  
e m b o d i e s  many f e a t u r e s  w h i c h  a r e  h i g h l y  d e s i r a b l e  i n  a m u l t i p u r p o s e ,  
c a r r i e r  based a i r c r a f t .  Impor t an t  f e a t u r e s  i n c l u d e  spac ing  between t h e  
c r e w  and p r o p f a n s ,  wh ich  r e d u c e s  a c o u s t i c  t r e a t m e n t  r e q u i r e m e n t s  and 
a f f o r d s  p a s s i v e  p r o t e c t i o n  f r o m  b l a d e  f a i l u r e .  T h e  f o l d e d  l a y o u t  i s  
compac t ,  r e q u i r i n g  minimal use of c a r r i e r  deck s p a c e  (reduced " s p o t t i n g T 1  
f a c t o r ) ,  stemming p r i m a r i l y  from t h e  placement of  t h e  propfan between t h e  
c a n a r d  and wing ( w h i c h  y i e l d s  secondary b e n e f i t s  o f  reduced deck h a n d l i n g  
hazard and p r o p e l l e r  p ro t ec t ion  i n  t h e  event of a b a r r i e r  engagement). The 
t r a c t o r  l ayou t  keeps  t h e  props well c l e a r  of t h e  deck and a r r e s t i n g  c a b l e s  
d u r i n g  recovery and permi ts  t,he l o c a t i o n  of j e t t i s o n a b l e  f r e e  f a l l  s t o r e s  
on pylons a t tached  inboard of t h e  wing f o l d .  The l a r g e ,  unobstructed 
weapons bay is  c l ean ly  i n t e g r a t e d  d i r e c t l y  below t h e  wing box s t r u c t u r e .  A 
convent iona l  arrangement w i t h  t r a c t o r  engines  would l o c a t e  t h e  p l a n e ( s )  of 
t h e  propfan well w i t h i n  t h e  crew compartment a rea .  A pusher i n s t a l l a t i o n  
would not accept  wing s t o r e  s t a t i o n s  inboard of t h e  wing fo ld  - a d e s i r a b l e  
f e a t u r e  on t h i s  c l a s s  of a i r c r a f t .  Pusher engines  mounted above t h e  wing 
would resu l t  i n  a h i g h  t h r u s t  l i n e  which would in t roduce  l a r g e  trim changes 
w i t h  power change - an unacceptable  f e a t u r e  f o r  c a r r i e r  s u i t a b l e  a i r c r a f t  - 
or  t h e  w i n g  would have t o  be mounted low on the  fuse lage  and t h e  c a r r y  
through s t r u c t u r e  would i n t e r f e r e  w i t h  t he  l a rge  weapons bay. F i n a l l y ,  t h e  
canard layout  a d d i t i o n a l l y  permits  t h e  possible i n s t a l l a t i o n  of swing  t a i l  
f o r  cargo (COD) v a r i a n t s .  These f e a t u r e s  a r e  sunmarized i n  F i g u r e  33. 
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F i g u r e  3 3 .  A d v a n t a g e s  o f  Selected P r o p f a n  C o n f i g u r a t i o n  
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4.2.2 A n a l y s i s  
I n  o r d e r  t o  o b t a i n  a qu ick  e s t i m a t e  o f  r e q u i r e d  a i r c r a f t  s ize ,  a 
r e p r e s e n t a t i v e  c o n f i g u r a t i o n ,  s i m i l a r  t o  t h e  b a s e l i n e  t u r b o f a n  concep t  
e v e n t u a l l y  selected,  was s i z e d  f o r  each of t h e  ten m i s s i o n s  d e f i n e d  i n  T a s k  
I. The p a r a m e t r i c  t u r b o f a n  e n g i n e s  (STF 686) and c o r r e s p o n d i n g  t u r b o s h a f t  
e n g i n e s  (STS 678) w i t h  4 x 4  c o u n t e r - r o t a t i n g  p r o p f a n s  ( d i s k  l o a d i n g  o f  80 
S H P / f t  1 were used d u r i n g  t h i s  a n a l y s i s .  This s t e p  r e v e a l e d  t h e  f o l l o w i n g  
c h a r a c t e r i s t i c s :  
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1. 
2. 
3. 
4. 
5. 
R e p r e s e n t a t i v e  propfan-powered a i r c r a f t  were c o n s i s t e n t l y  l i g h t e r  
t h a n  turbofan-powered a i r c r a f t  f o r  any mis s ion  a t  c o r r e s p o n d i n g  
wing l o a d i n g  and th rus t - to -we igh t  r a t i o .  
The Armed AEW mis s ion  was c r i t i c a l  (maximum TOGW). 
3 4 5 , 0 0 0  f t .  l o i t e r  f o r  t h e  Armed AEW, AEW, and SC m i s s i o n s  cou ld  
be  ach ieved  w i t h  propfan-powered a i r c r a f t  a t  l i g h t e r  g r o s s  
w e i g h t s  t h a n  t u r b o f a n  powered a i r c r a f t ,  even though t h e  r e q u i r e d  
s e a  l e v e l  s t a t i c  t h r u s t / w e i g h t  r a t i o  was g r e a t e r  f o r  t h e  propfan.  
C a r r i e r  s u i t a b i l i t y  c o n s t r a i n t s  w e r e  n o t  a f a c t o r  when t h e  
powerp lan t s  were s i z e d  t o  a c h i e v e  h igh  a l t i t u d e  l o i t e r .  
S u b s t a n t i a l  h i g h  speed dash c a p a b i l i t y  was a f a l l o u t  o f  t h e  h i g h  
t h r u s t - t o - w e i g h t  r a t i o  n e c e s s a r y  t o  m a i n t a i n  a 45,000 f o o t  l o i t e r  
a l t i t u d e .  
T h e  c o n c e p t u a l  d e s i g n  b a s e l i n e  s e l e c t i o n s  and p r e l i m i n a r y  s i z i n g  
established the following g r o u n d r u l e s  f o r  Task 111: 
1. 
2. 
3. 
4. 
The Armed AEW mis s ion  would be u s e d  t o  e s t a b l i s h  optimum w i n g  
geometry and f u e l  volume. W i t h  a crew o f  f i v e  required f o r  t h i s  
and t h e  AEW m i s s i o n s ,  t h e  odd crew s t a t i o n  would be achieved by  
i n s t a l l i n g  a p l u g  i n  t h e  ASW f u s e l a g e .  
The ASW miss ion  equipment and crew would be u s e d  t o  e s t a b l i s h  
b a s i c  f u s e l a g e  c o n f i g u r a t i o n  and volume. 
A l l  o t h e r  t a n k e r ,  C O D ,  SC , A E K ,  and EW miss ion  c a p a b i l i t y  would 
be a f a l l o u t  o f  s i z i n g  f o r  t h e  A A E W  mis s ion .  
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The s i n g l e  c o n f i g u r a t i o n  o p t i m i z a t i o n  f i g u r e  of  m e r i t  would be 
m i n i m u m  g r o s s  weight .  
The c h o i c e  of minimum gross weigh t  a s  an o p t i m i z a t i o n  pa rame te r ,  
r a t h e r  t h a n  minimum Life Cycle  Cost ( L C C ) ,  minimum b lock  fue l ,  o r  some 
o t h e r  f i g u r e  of merit is borne  o u t  by t h e  f o l l o w i n g  c o n s i d e r a t i o n s :  
1. 
2. 
3 .  
4. 
Minimum TOCW c o r r e s p o n d s  rough ly  t o  minimum p h y s i c a l  s i z e  - an 
Impor t an t  c o n s i d e r a t i o n  for c a r r i e r - b a s e d  a i r c ra f t .  
Although minimum f u e l  consumption is Impor t an t ,  fuel  c o s t  f o r  
t h i s  c lass  of m i l i t a r y  a i r c ra f t  I s  a small p e r c e n t a g e  o f  
o p e r a t i n g  cost .  
Many f a c t o r s  which r a d i c a l l y  a f fec t  L i f e  Cycle Cost - p e r s o n n e l  
costs ,  f o r  example - m u s t  b e  a s s e s s e d  w i t h  more d e t a i l e d  a n a l y s i s  
t han  would be  possib1.e i n  t h i s  c o n c e p t u a l  d e s i g n  s t u d y .  
Minimum TOGW would be rough ly  p r o p o r t i o n a l  t o  L i f e  C y c l e  Cos t ,  a t  
l e a s t  i n  a f i r s t - o r d e r  a n a l y s i s .  
4.3 TASK I11 DETAILED CALCULATIONS AND OPTIMIZATION 
D u r i n g  t h i s  t a s k  t h e  b a s e l i n e  CTOL c o n f i g u r a t i o n s ,  rough ly  s i z e d  i n  
Task 11, were o p t i m i z e d  a g a i n s t  mi s s ion  a n d  performance r e q u i r e m e n t s .  I n  
a d d i t i o n ,  t h e  s e n s i t i v i t i e s  o f  TOCW, s t r u c t u r a l  weight  and f u e l  weight t o  
s e v e r a l  k e y  p r o p u l s i o n  and pe r fo rmance - re l a t ed  p a r a m e t e r s  were developed.  
4.3.1 Wing Geometry 
Wing  g e o m e t r y  was O p t i m i z e d  f o r  m i n i m u m  TOGW f o r  t h e  Armed A E W  
m i s s i o n .  A n a l y s i s  showed t h a t  when s i z e d  f o r  l o i t e r  a l t i t u d e s  o f  e i t h e r  
4 5 , 0 0 0  or 40,000 f e e t ,  m i n i m u m  a i r c r a f t  TOGW was achieved a t  d e s i g n  w i n g  
l o a d i n g s  (W/S) w i t h i n  a r ange  between 80 and 100 l b s / f t  , bo th  f o r  t h e  
t u r b o f a n  and t h e  propfan-powered b a s e l i n e  a i r c r a f t .  T h e r e f o r e ,  a d e s i g n  
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wing  l o a d i n g  of  100  l b s / f t  was s e l e c t e d .  The h i g h e r  wing l o a d i n g  f a v o r s  
t h e  h i g h  speed r e q u i r e m e n t s  o f  some o f  t h e  o t h e r  m i s s i o n s .  F i g u r e  34 shows 
t h e  s e n s i t i v i t y  o f  TOGW t o  wing a s p e c t  r a t i o .  Boundaries  f o r  40,003 f o o t  
and 45,000 f o o t  l o i t e r  a l t i t u d e  a r e  shown on t h e s e  p l o t s .  As each o f  t h e  
p o i n t s  n e c e s s a r y  t o  deve lop  t h e s e  p l o t s  was computed, u s i n g  t h t  
C o n f i g u r a t i o n  A n a l y s i s  Program, performance f o r  each o f  t h e  a l t e r n a t i v e  
n i n e  m i s s i o n s  ( S e c t i o n  4 . 1 . 2 )  was a l s o  computed u s i n g  t h e  a p p r o p r i a t e  
e q u i p m e n t  and p a y l o a 2 ,  and t h e  a i r f r a m e  which  was  s i z e d  f o r  t h e  AAE'; :  
m i s s i o n .  Pe r fo rmance  b o u n d a r i e s  r e l a t e d  t o  those a l t e r n a t e  m i s s i o n s  are  
supe r imposed  on F i g u r e  34 .  The o n l y  a l t e r n a t e  m i s s i o n  pe r fo rmance  which 
i n f l u e n c e s  w i n g  g e o m e t r y  s e l e c t i o n  b e y o n d  t h a t  r e q u i r e d  f o r  t h e  A A E W  
m i s s i o n  I s  t h e  h i g h  s p e e d  d a s h  r e q u i r e m e n t  of t h e  Anti-Air  War fa re  ( A A W )  
m i s s i o n  (.8 Mn a t  20,000 fee t )  and ,  i n  t h e  case of t h e  p r o p f a n ,  AAW m i s s i o n  
f u e l .  T h e  l a t t e r  boundary  i s  n o t  c r i t i c a l  for t h e  t u r b o f a n  c o n f i g u r a t i o n .  
I n  o t h e r  words, f o r  c e r t a i n  c o m b i n a t i o n s  of a s p e c t  r a t i o  and d e s i g n  T/W, 
t h e  AAW m i s s i o n  i s  more c r i t i c a l  for  t h e  p r o p f a n  t h a n  t h e  AAEW m i s s i o n .  
T h i s  i s  b e c a u s e  for  a g i v e n  a s p e c t  r a t i o  and d e s i g n  T/W, AAEW m i s s i o n  
f u e l  r e q u i r e d  i s  s i g n i f i c a n t l y  less for  t h e  p r o p f a n  t h a n  for  t h e  t u r b o f a n .  
A t  t h e  same time, t h e  h i g h  speed  dash of t h e  AAW m i s s i o n  ( 1  h o u r  a t  .8 Mn) 
r e q u i r e s  a r e l a t i v e l y  h i g h e r  p r o p f a n  power s e t t i n g  ( b e c a u s e  of t h e  
p r o p f a n ' s  g r e a t e r  t h r u s t  l a p s e  w i t h  s p e e d )  and a r e l a t i v e l y  h i g h e r  f u e l  
b u r n  t h a n  t h e  , t u r b o f a n .  
A l t h o u g h  t h e  s t a t i s t i c a l  s t r u c t u r a l  w e i g h t  p r e d i c t i o n  method used  i n  
t h e  a n a l y s i s  shows t h a t  i n c r e a s i n g  a s p e c t  r a t i o  c o n t i n u e d  t o  lower t h e  
r e q u i r e d  TOGW t h r o u g h o u t  t h e  r a n g e  i n v e s t i g a t e d  ( u p  t o  A R  = 111, c o n c e r n s  
w i t h  t h e  v a l i d i t y  o f  t h e  p r e d i c t i o n  a t  t h e  h i g h e s t  v a l u e s  l e d  t o  t h e  
d e c i s i o n  t o  l i m i t  maximum v a l u e  o f  a s p e c t  r a t i o  t o  9 . 0 .  S i n c e  t h e  
N? 
F i g u r e  3 4 .  V a r i a t i o n  of TOGW w i t h  Aspect  Rat io  a n d  T i l  
5: 
v a r i a t i o n  o f  TOGW w i t h  a s p e c t  r a t i o  a l o n g  t h e  a l t i t u d e  b o u n d a r i e s  i s  
s i m i l a r  f o r  both tu rbofan  and propfan propuls ion  systems, t h i s  dec i s ion  
does  no t  adverse ly  in f luence  t h e  comparison of  t h e  two propuls ion systems. 
T h e  A A W  fue l  l i m i t  forced t h e  Category 1 (45,000 f t  l o i t e r )  propfan t o  an 
a s p e c t  r a t i o  less than  9.0. An examination o f  F igure  34 i n d i c a t e s  t h a t  t h e  
minimum TOCW f o r  t h e  Category 1 propfan conf igu ra t ion  occur s  a t  an aspec t  
r a t i o  o f  8.5. An a spec t  r a t i o  o f  7.5 was s e l e c t e d  t o  provide a "cushion" 
between t h e  boundaries  imposed by t h e  45,000 f o o t  l o i t e r  a l t i t u d e  and t h e  
AAW f u e l  l i m i t .  Wing t h i c k n e s s  r a t i o  and t a p e r  r a t i o  were not  optimized 
b u t  were selected based upon the results o f  prev ious  s t u d i e s .  
Wing l ead ing  edge sweep of  25 degree  was selected a s  t h e  best c o w  
promise between subsonic  h igh  speed drag  r i se  and propfan propel le r /wing  
l e a d i n g  edge spacing.  As i l l u s t r a t e d  by F igure  35 ,  f o r  a given wing mean 
aerodynamic chord ( M A C )  l o c a t i o n  r e l a t i v e  t o  t h e  a i r c r a f t  cg ,  increased  
wing l e a d i n g  edge sweep w i l l  f o rce  t h e  propfan forward t o  maintain l ead ing  
e d g e  c learance  a s  s p e c i f i e d  b y  Hamilton Standard i n s t a l l a t i o n  g u i d e l i n e s  
( R e f e r e n c e  8 . )  T h i s  i n c r e a s e s  t h e  weight of  t h e  n a c e l l e  s t r u c t u r e ,  and 
moves t h e  propfan i n t o  t h e  region of t h e  crew compartment. Examination of 
h igher  sweep angle  t h a n  25 degrees  f o r  t h e  turbofan  conf igu ra t ion  showed no 
s i g n i  f i c a n t  advantage.  
r SWEEP P E N A L T Y  
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F i g u r e  35 .  Propfan, 'Wing L e a d i n g  Edge Re la t i onsh ip  
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F i g u r e  36 shows t h e  s e n s i t i v i t y  of TOW t o  p r o p f a n  s e a  l e v e l  s t a t i c  
d i s k  l o a d i n g ,  u s i n g  t h e  Ca tegory  1 wing geomet ry  ( A R  = 7 .5 )  and t h e  4x4 
c o u n t e r - r o t a t i n g  p r o p f a n  c o n f i g u r a t i o n s .  The s h a p e  of t h e  boundary  c u r v e s  
i s  v e r y  s imilar  for  t h e  Ca tegory  2 wing geomet ry  ( A R  = 9.0). The h i g h  
a l t i t u d e  lo i te r  (45,000 ft) f a v o r s  h i g h  d i s k  l o a d i n g s  and i n  f a c t ,  TOW 
c o n t i n u e s  t o  g o  down ( a l b e i t  v e r y  s l o w l y )  a t  d i s k  l o a d i n g s  above  t h e  
2 maximum v a l u e  examined of 90 SHP/f t  . A s l i g h t  b u c k e t  a p p e a r s ,  n e a r  80 
SHP/ft for  t h e  40 ,000  f t  l o i t e r  a l t i t u d e .  2 
38 J 
F i g u r e  3 6 .  
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4 . 3 . 3  B a s e l i n e  Design 
On t h e  b a s i s  o f  o p t i m i z a t i o n  p r o c e d u r e s  s u c h  as d i s c u s s e d  i n  t h e  
p r e c e d i n g  s e c t i o n s ,  b a s e l i n e  c o n f i g u r a t i o n s  were s e l e c t e d  which would meet 
a l l  o f  t h e  performance g o a l s  e s t a b l i s h e d  a t  minimum AAEW Takeoff  Gross 
W e i g h t .  A summary o f  t h e  s e l e c t e d  p a r a m e t e r s  and r e l e v a n t  performance i s  
shown i n  F i g u r e  37. 
T h e  "opt imized" b a s e l i n e  a i r c r a f t ,  I n  t h e  ASW/EW c o n f i g u r a t i o n ,  are 
shown i n  F i g u r e s  38 t h r o u g h  41. The Category 1 propfan AAEW c o n f i g u r a t i o n  
(AEW radome and 3 f o o t  f u s e l a g e  p l u g )  is shown i n  F i g u r e  42. A breakdown 
of p r i n c i p a l  weight  items is  shown i n  F i g u r e  4 3 ,  and is p r e s e n t e d  i n  terms 
of p e r c e n t a g e s  o f  TOGW i n  F i g u r e  44. 
T h e  s t r u c t u r e  was des igned  by t h e  AAEW m i s s i o n ,  which h a s  t h e  h i g h e s t  
TOGW, l a n d i n g  we igh t ,  and f l i g h t  d e s i g n  g r o s s  we igh t ,  w i t h  a d e s i g n  load 
f a c t o r  o f  4.0. The ASW/EW v e r s i o n  (Mkl) u s e s  t h e  i d e n t i c a l  a i r f r a m e  w i t h  a 
t h r e e  f o o t  f u s e l a g e  p l u g  removed (and t h e  a s s o c i a t e d  crew s p a c e )  a long  w i t h  
t h e  radome and a t t a c h i n g  s t r u c t u r e .  The i n c r e m e n t a l  we igh t  change due t o  
r a d o m e ,  a n t e n n a ,  f u s e l a g e  p l u g ,  and f i n  m o d i f i c a t i o n  is 2000 l b s .  The 
M K  1 a i r c r a f t  have a h i g h e r  1.oad f a c t o r  c a p a b i l i t y  f o r  t h e  a l t e r n a t i v e  
m i s s i o n s  because  t h e  r e q u i r e d  TOGWs and empty we igh t s  a r e  s i g n i f i c a n t l y  
less t h a n  f o r  t h e  AAEW m i s s i o n .  
A f i r s t  o r d e r  a n a l y s i s  o f  o p e r a t i n g  and s u p p o r t  (O&S) c o s t s  f o r  each 
o f  t h e  b a s e l i n e  a i r c r a f t  r e v e a l e d  t h a t  f u e l  c o s t  - t h e  p r i n c i p a l  d i f f e r e n c e  
b e t w e e n  t u r b o f a n  and p ropfan  ObS c o s t s  - was less  than  5 p e r c e n t  o f  t o t a l  
o p e r a t i n g  c o s t ,  a s  shown i n  F i g u r e  45. The o t h e r  elements o f  t h e  c o s t  d a t a  
- p r i n c i p a l l y  p e r s o n n e l  and maintenance - were p r o j e c t e d  based upon c u r r e n t  
Navy program f a c t o r s  f o r  s i m i l a r  c l a s s e s  o f  a i r c r a f t .  O n l y  w i t h  a more 
i n - d e p t h  a n a l y s i s  o f  maintenance r e q u i r e m e n t s ,  s p a r e s  and o t h e r  suppor t  can 
a t r u e  a s s e s s m e n t  o f  d i f f e r e n c e  i n  OhS c o s t s  be  made. This s o r t  o f  
a n a l y s i s  was beyond t h e  scope o f ' - t h i s  s t u d y .  
F i g u r e  4 6  shows t h e  r ange  o f  TOGW and empty w e i g h t s  f o r  t h e  b a s e l i n e  
t u r b o f a n  and propfan Category 1 and 2 a i r c r a f t  equipped f o r  t h e  o t h e r  n i n e  
s e l e c t e d  m i s s i o n s .  
F o r  t h e  A E W  and SC' m i s s i o n ,  t h i s  i n c l u d e s  t h e  Mk 2 f u s e l a g e  a n d  ACd 
radome o f  t h e  A A E W  mi s s ion .  For a l l  o t h e r  m i s s i o n s  t h e  Mk 1 f u s e l a g e  i s  
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Figure 37 .  Baseline CTOL Performance Parameters 
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F i g u r e  4 6 .  TOGW a n d  Empty  Weight f o r  A l t e r n a t e  Miss ions 
u s e d .  I n  each  c a s e ,  a p p r o p r i a t e  mis s ion  a v i o n i c s  and payload i s  added t o  
t h e  b a s e l i n e  a i r f r a m e .  
I t  i s  zppa ren t  f r o r  e x a 3 i n a t i o n  of  t h i s  f i g u r e  and t!-,e p r e c e e d i r , ~  
weight  breakdowns t h a t  t h e  r e l a t i v e  a d v a n t a g e s  o f  t h e  propfan ove r  t h e  
t u r b o f a n  i n  terms of T O G l i ,  f u e l  f r a c t i o n ,  and empty weight i n c r e a s e s  
s i g n i f i c a n t l y  a s  t h e  performance c o n s t r a i n t s  a r e  reduced f r o m  Category 1 tc, 
Category 2 l e v e l s .  
4.3.4 S e n s i t i v i t y  of S i z i n g  H i s s i o n  
To d e t e r m i n e  t h e  s e v e r i t y  of t h e  Armed AEW m i s s i o n  r e q u i r e m e n t s  and 
whe the r  t h e  e m p h a s i s  i n  t h i s  m i s s i o n  on h i g h  a l t i t u d e  and l o n g  m i s s i o n  t ime 
m i g h t  a d v e r s e l y  a f f e c t  t h e  c h o i c e  be tween p r o p f a n  and t u r b o f a n  p r o p u l s i o n ,  
t h e  b a s e l i n e  a i r c r a f t  were r e s i z e d  for  t h e  Anti-Submarine War fa re  m i s s i o n .  
T h i s  m i s s i o n  p l a c e s  a premium on e f f i c i e n t  c r u i s e  and mid-to-low a l t i t u d e  
l o i t e r .  Wing geomet ry  was n o t  r e o p t i m i z e d  ( c o n s t a n t  A R ,  wing l o a d i n g ) ,  b u t  
t h r u s t - t o - w e i g h t  r a t i o  was e s t a b l i s h e d  by c a r r i e r  s u i t a b i l i t y ,  s p e c i f i c a l l y  
t h e  l a n d i n g  waveoff  r e q u i r e m e n t .  
The r e s i z i n g  r e s u l t s  i n  a i r c r a f t  which are a b o u t  22 p e r c e n t  l i g h t e r  
t h a n  those  s i z e d  f o r  C a t e g o r y  2 Armed AEW, b u t  t h e  r a t i o  of p r o p f a n  TOGW t o  
t u r b o f a n  TOW r e m a i n s  n e a r l y  c o n s t a n t  a t  0.92, a s  shown i n  F i g u r e  47. 
The h i g h e r  s t r u c t u r a l  w e i g h t  f r a c t i o n  of t h e  AAEW a i r c r a f t  shown i n  
t h i s  f i g u r e  i s  b e c a u s e  t h e  w e i g h t  of t h e  f u s e l a g e  e x t e n s i o n ,  radome, a n d  
r a d a r  a n t e n n a  
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F i g u r e  4 7 .  Compat-ison o f  A A E W  Weight vs ASM' Weight 
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By comparing t h e  TOGWs o f  t h i s  f i g u r e  w i t h  t h o s e  o f  t h e  Category 2 
m i s s i o n  o f  F i g u r e  46 ( a i r f r a m e  s i z e d  f o r  AAEW) it  can be seen  t h a t  a TOW 
" p e n a l t y "  of abou t  13 p e r c e n t  is a s s o c i a t e d  w i t h  u s i n g  an a i r f r a m e  s i z e d  
f o r  t h e  AAEW mission t o  perform t h e  ASW miss ion .  
4.3.5 Choice of T r a c t o r  vs Pushe r  P ropfan  
The results of t h e  c o n c e p t u a l  d e s i g n  p r o c e s s ,  and i n  p a r t i c u l a r  t h e  
s e l e c t i o n  of a t r a c t o r  propfan c o n f i g u r a t i o n  o v e r  a pushe r  a r r angemen t ,  may 
seem c o n t r a r y  t o  c u r r e n t  p ropfan  d e s i g n  t r e n d s .  However, t h i s  c h o i c e  i s  
b o r n e  o u t  by c o n s i d e r a t i o n  o f  a l l  Navy mis s ion  r e q u i r e m e n t s ,  i n  c o n j u n c t i o n  
w i t h  some s p e c i f i c  d e s i g n  r e s t r i c t i o n s .  The upper i l l u s t r a t i o n  o f  F i g u r e  
48 d e p i c t s  t h e  s e l e c t e d  p ropfan  arrangement ,  con f igu red  f o r  t h e  armed AEW 
m i s s i o n  w i t h  t h e  Mk 2 f u s e l a g e ,  radome and o p t i o n a l  e x t e r n a l  f u e l  t a n k s  
a t t a c h e d  t o  p y l o n s  l o c a t e d  j u s t  i n b o a r d  o f  t h e  wing  f o l d .  T h e  mos t  
s i g n i f i c a n t  p l o t e n t i a l  problem w i t h  t h i s  arrangement  i s  t h e  r e l a t i v e l y  c l o s e  
p r o x i m i t y  o f  t h e  p r o p f a n s  t o  t h e  crew compartment,  which a g g r a v a t e s  n o i s e  
and v i b r a t i o n  problems.  I f  a pusher  arrangement  i s  a t t e m p t e d  i n  o r d e r  t o  
s e p a r a t e  t h e  p ropfan  from t h e  crew, o t h e r  more severe problems are  c r e a t e d .  
A m a j o r  problem, i l l u s t r a t e d  i n  t h e  lower v i e w ,  i s  a i r c r a f t  b a l a n c e .  I n  
t h e  t r a c t o r  a r r angemen t ,  t h e  propuls ion-group weight ( p r o p f a n ,  n a c e l l e ,  
gea rbox ,  c o r e  e n g i n e ,  e t c . )  is evenly d i s t r i b u t e d  about t h e  a i r c r a f t  c e n t e r  
o f  g r a v i t y  ( c g ) .  I n  t h e  pusher  a r r angemen t ,  however, p r o p u l s i o n  weignt i s  
a f t  o f  t h e  cg. A s t a n d a r d  d e s i g n  p r a c t i c e  t o  c o r r e c t  f o r  t h e  a f t  l o c a t i o n  
o f  t h e  p r o p u l s i o n  w e i g h t  i s  t o  s h i f t  t h e  f u s e l a g e  group forward t o  b a l a n c e .  
As noted d u r i n g  t h e  d i s c u s s i o n  on t h e  development o f  t h e  f u s e l a g e  enve lope ,  
s h i f t i n g  t h e  f u s e l a g e  a l s o  moves t h e  weapons bay away from i t s  c e n t r a ?  
p o s i t i o n  on t h e  a i r c r a f t  c g .  Unacceptable  trim changes would occur when 
h e a v y  p a y l o a d s ,  s u c h  a s  t a n k e r  f u e l  o r  l a r g e  weapons, a r e  deployed.  Other 
p rob lems  w i t h  t h e  pusher  c o n f i g u r a t i o n  i n c l u d e  wing s t o r e s  s e p a r a t i o n  
c l e a r a n c e ,  s o n i c  f a t i g u e  on t h e  l i g h t - w e i g h t  radome s t r u c t u r e  (which cannot  
move forward w i t h o u t  i n t e r f e r i n g  w i t h  crew e j e c t i o n ) ,  propfan b l a d e  
c l e a r a n c e  r e l a t i v e  t o  c a r r i e r  deck and a r r e s t i n g  w i r e ,  i n c r e a s e d  s p 3 t z i n g  
f a c t o r ,  and g r e a t e r  exposure  o f  t h e  f l i g h t  deck c r e u  t o  t h e  p r o p e l l e r s .  
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Figure 4 8 .  Comparison of Tractor To Pusher Propfan Arrangements 
4.3.6 A l t e r n a t i v e  P r o p u l s i o n  Concepts  
A p r e l i m i n a r y  comparison was made between t h e  propfan b a s e l i n e  
c o n c e p t s  and a s i m i l a r  c o n f i g u r a t i o n ,  adapted t o  a s c a l e d  v e r s i o n  o f  t h e  
C E 3 6  Unducted Fan ( U D F ) .  Although no l a y o u t  was deve loped ,  i t  was assume6 
t h a t  t h e  UDF e n g i n e s  would be wing mounted i n  a pusher  c o n f i g u r a t i o n .  The  
r e s u l t s  o f  t h a t  s i z i n g  e x e r c i s e  a r e  shown i n  F i g u r e  4 9 .  T h e  f i g u r e  shows 
t h a t  t h e  UDF-powered a i r c r a f t .  a r e  v i r t u a l l y  i d e n t i c a l  i n  s i z e  t o  t h e  
propfan v e r s i o n s ,  and a c h o i c e  between t h e  two p r o p u l s i o n  c o n c e p t s  would 
have t o  b e  made on t h e  b a s i s  o f  o t h e r  f a c t o r s  ( s e e  p reced ing  s e c t i o n ) .  The 
UDF d a t a  a r e  s c a l e d  f a r  below t h e  s i z e  o f  t h e  G E 3 6  eng ine  and t h e  s i z e ?  
p o w e r p l a n t s  a r e  much c l o s e r  t o  t h e  C E 3 8  UDF. Data f o r  t h e  GE38 powerplant 
were u n a v a i l a b l e  i n  t h e  p r o p e r  format  f o r  t h i s  s t u d y ,  b u t  a s p o t  check o f  
t h e  s c a l e d  G E 3 6  d a t a  a t  s e l e c t e d  p o i n t s  i n  t h e  Armed A E W  mission fl igtl :  
p r o f i l e  shows t h e  G E 3 8  SFCs t o  be about  5 p e r c e n t  h i g h e r  t han  s c a l e d  G E 3 E  
v a l u e s  a t  c o r r e s p o n d i n g  f l i g h t  c o n d i t i o n s .  
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Figure 4 9 .  Comparison of Propfan To Unducted Fan 
4.3.7 Sensi t i.v i t ies 
A number of  s e n s i t i v i t y  e x c u r s i o n s  were conducted f o r  performance and 
t echno logy  p a r a m e t e r s  t o  d e t e r n i n e  t h e i r  impact on mis s ion  w e i g h t s .  
4.3.7.1 E f f e c : t  of  L o i t e r  A l t i t u d e  
F i g u r e  50 d e p i c t s  t h e  e f f e c t  o f  d e s i g n  AAEW l o i t e r  a l t i t u d e  on a i r c r a f t  
s i z e .  Wing l o a d i n g  and a s p e c t  r a t i o  a r e  not  r e o p t i m i z e d .  Along t h e  upper 
p o r t i o n  of  t h e  c u r v e s ,  t h e  l o i t e r  a l t i t u d e  r equ i r emen t  e s t a b l i s h e s  eng ine  
s i z e ,  w h i l e  a l o n g  t h e  l o w e r  ( n e a r l y  v e r t i c a l )  p o r t i o n ,  l a n d i n g  
s i n g l e - e n g i n e  waveoff r a t e  of  c l imb (500 fpm) i s  c r i t i c a l  and s i z e s  t h e  
e n g i n e s .  A s  shown on t h e  l e f t - h a n d  f i g u r e ,  propfan a i r c r a f t  empty weight 
exceeds  t u r b o f a n  a i r c r a f t  empty weight above 41,5CC f t  l o i t e r  a l t i t u d e ,  
wh i l e  t h e  middle c h a r t  shows t h a t  p rop fan  TOGW exceeds t h e  t u r b o f a n  weigh', 
above 45 ,500  f e e t .  The g r e a t e r  l a p s e  r a t e  of t h r u s t  w i t h  a l t i t u d e  o f  t h e  
propfar,  conpare:! t o  t h e  t u r b 9 f s n  i s  r e f l e c t e j  i n  t h e  r i & h t - h a r , . j  f i 6 ; i r e  k;. 
t h e  i n c r e a s i n g  d i v e r g e n c e  of  t h e  required s t a t i c  t h rus t - to -we igh t  c u r v e s .  
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Figure 5 0 .  Effect of Loiter Altitude on TOGW and Empty Weight 
4.3.7.2 E f f e c t  o f  Soundproofing 
Both t h e  t u r b o f a n  and t h e  propfan b a s e l i n e  a i r c r a f t  assume a nominal 
l e v e l  o f  c a S i n  soundproof ing  i n  t h e  weight e s t i m a t i o n  p rocedure .  T h i s  
weight is i m p l i c i t  i n  t h e  s t a t i s t i c a l  b a s e  t h a t  d e f i n e s  f u s e l a g e  s t r u c t u r e  
and f u r n i s h i n g s  w e i g h t s .  The e f f e c t s  o f  a d d i t i o n a l  propfan soundproof ing  
m a t e r i a l ,  i n  terms o f  pounds of soundproof ing  t r e a t m e n t  per  squa re  f o o t  of  
c a b i n  s u r f a c e  a r e a ,  a r e  shown i n  F igu re  51. These curves assume t h a t  t h e  
soundproof ing  " t r e a t m e n t "  i s  a p p l i e d  un i fo rmly  o v e r  t h e  e n t i r e  c a b i n  
s u r f a c e  a r e a ,  e x c l u s i v e  o f  t r a n s p a r e n c i e s  ( 3 0 2  f t ' ) .  The h o r i z o n t a :  
boundary l i n e s  shown on t h e  f i g u r e  a r e  t h e  a s s o c i a t e d  v a l u e s  f o r  t h e  
b a s e l i n e  t u r b o f a n  a i r c r a f t .  While t h e  p ropfan  a i r c r a f t  would always 
m a i n t a i n  an a d v a n t a g e  i n  f u e l  w e i g h t  f o r  any r e a s o n a b l e  amount o f  
a d d i t i o n a l  soundproof ing  t r e a t m e n t ,  Category 2 propfan a i r c r a f t  e m p t y  
weight will q u i c k l y  exceed turbofar i  empty w e i g h t ,  a s  will C a ' l e ~ 3 r ) .  i 
6 4  
p r o p f a n  T a k e o f f  G r o s s  Weight .  Thus,  many of t h e  a d v a n t a g e s  of p r o p f a n s  i n  
terms of w e i g h t  s a v i n g s  c o u l d  be l o s t  i f  s o u n d p r o o f i n g  i s  shown t o  be a 
ma jo r  p rob lem.  
P r e d i c t i o n  of c a b i n  sound p r e s s u r e  l e v e l  and  d e s i g n  of s o u n d p r o o f i n g  
t r e a t m e n t  were beyond t h e  s c o p e  of t h i s  s t u d y .  
A v a r i e t y  of i s o l a t i o n  and s o u n d p r o o f i n g  t e c h n i q u e s  are c u r r e n t l y  
b e i n g  devel loped by s e v e r a l  airframe m a n u f a c t u r e r s ,  I n  p a r a l l e l  w i t h  t h e  
deve lopmen t  of advanced  p r o p e l l e r  t e c h n o l o g y ,  and  may make t h e  p e n a l t i e s  
associated w i t h  p r o p e l l e r  n o i s e  and v i b r a t i o n  e l i m i n a t i o n  r e l a t i v e l y  s m a l l .  
4.3.7.3 S i n g l e - R o t a t i o n  vs C o u n t e r - R o t a t i o n  P r o p f a n s  
S i n g l e - r o t a t i o n  p r o p f a n s  were compared t o  c o u n t e r - r o t a t i o n  p r o p f a n s  
for t h e  d e s i g n  Armed AEW m i s s i o n  as  shown i n  F i g u r e  52. The i n c r e a s e d  
w e i g h t  of t h e  SRP gea rbox  and p r o p e l l e r ,  p l u s  t h e  s l i g h t l y  r e d u c e d  c r u i s e  
e f f i c i e n c y  d u e  t o  swirl losses ,  compared t o  t h e  c o u n t e r - r o t a t i n g  p r o p f a n  
are r e f l ec t ed  i n  t h e  6 t o  10 p e r c e n t  i n c r e a s e  i n  m i s s i o n  g r o s s  w e i g h t .  SRP 
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F i g u r e  5 1 .  E f f e c t  of Addi t iona l  S o u n d p r o o f i n g  o n  P r o p f a n  h e i g h t s  
d a t a  were u n a v a i l a b l e  for d i s k  l o a d i n g s  (SLS) above 80 S H P / f t 2  and s o  t h e  
Category 1 w e i g h t s  f o r  SRP a r e  s l i g h t l y  p e s s i m i s t i c  ( t h e  Category 1 C R P  
d i s k  l o a d i n g  i s  90 SHP/ f t2 ) .  Category 2 d i s k  l o a d i n g s  are d i r e c t l y  
comparable  ( b o t h  8 0  SHP/ft  1. 2 
4.3.7.4 E f f e c t s  of Propfan Blade Technology 
Improvements i n  t h e  d e s i g n  o f  p r o p f a n s  by t h e  e a r l y  1990s may l e a d  t o  
r educed  b l a d e  weight  due t o  advanced a i r f o i l  s h a p e s  which w i l l  a l l o w  
e q u i v a l e n t  p r o p e l l e r  performance w i t h  reduced b l a d e  a r e a  and due t o  
Improved m a t e r i a l s  a n d  d e s i g n s  f o r  b l a d e  s p a r s .  The e f f ec t  o f  t h e  
e s t i m a t e d  p ropfan  weight s a v i n g s  on a i r c r a f t  weight p a r a m e t e r s  is shown i n  
F i g u r e  53. The  w e i g h t s  a r e  b a s e d  upon e q u a t i o n s  s u p p l i e d  b y  
Hamilton S tanda rd  Company. 
AAEW M I S S I O N  
s a  
40 
30 
WEIGHT - 
l O O U  LES. 
20 
10 
0 
CATEGORY 1 CATEGORY 2 
Figure 52. Comparison of C R P  To SRP Propfans 
I 66 
ORIGINAL P&Z 
OF POOR QLlALlTY -24.6 
CATEGORY 1 
r 1 C A T E G O R Y  2 
ARMED AEW MISSION 
2 - 1 . 6  - 1 . 6  
PERCENT 
CHANGE 
1 
0 
FUEL PROP TAKEOFF EMPTY 
WEIGHT GROSS WEIGHT WEIGHT WEIGHT 
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4.3.7.5 E f f e c t  of  P r o p u l s i o n  SFC Change 
S p e c i f i c  f u e l  c o n s u m p t i o n  (SFC) l e v e l s  u s e d  i n  t h i s  s t u d y  a r e  b a s e d  
u p o n  P r a t t  and  W h i t n e y  p r o j e c t i o n s  for  "most l i k e l y "  v a l u e s ,  o r  t h o s e  
v a l u e s  wh ich  a r e  a c h i e v a b l e  w i t h  slight t e c h n i c a l  r i s k .  T h e  e f f e c t  of 
c h a n g e s  i n  t hese  b a s i c  v a l u e s  on  v a r i o u s  w e i g h t  items i s  shown i n  F i g u r e  
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F igu re  5 4 .  Ef fect  o f  SFC Change on Weight 
4.3.8 Tanker  D e r i v a t i v e  
B o t h  t h e  t a n k e r  and t h e  C a r r i e r  Onboard D e l i v e r y  ( C O D )  m i s s i o n s  
r e q u i r e  c h a n g e s  t o  t h e  a i r c r a f t  beyond t h e  s i m p l e  r e p l a c e m e n t  of pay load  
items. I n  t h e  c a s e  of t h e  t a n k e r  v e r s i o n ,  t h e  approach  u s e d  i n  t h i s  s t u d y  
was t o  make a minor  modif icat ion t o  t h e  Mk 1 f u s e l a g e ,  c o n s i s t i n g  of t h e  
r emova l  of t h e  weapons bay d o o r s  and t h e  i n s t a l l a t i o n  of a t a n k e r  module 
( t a n k s ,  r ee l ,  hose,  and d r o g u e )  i n s t a l l e d  i n  t h e  weapons bay and a t t a c h e d  
t o  door h i n g e  p o i n t s ,  weapons h a r d p o i n t s ,  and a p p r o p r i a t e  p lumbing  and 
e l e c t r i c a l  c o n n e c t o r s .  The  r e s u l t i n g  c o n c e p t ,  shown i n  F i g u r e  5 5 ,  
accommodates o v e r  13,000 l b s  of a d d i t i o n a l  f u e l  and would n o t  r e q u i r e  a 
d e d i c a t e d  t a n k e r  on board  t h e  c a r r i e r .  T h i s  module c o u l d  be i n s t a l l e d  on 
t h e  c a r r i e r  hanga r  d e c k  o r  on t h e  f l i g h t  deck a f t e r  t h e  weapons bay d o o r s  
are  removed. 
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4.3.9 COD D e r i v a t i v e  
A number of op t ions  a r e  a v a i l a b l e  t o  perform some form o f  C a r r i e r  
Onboard Deliviery (COD) mission a t  varying levels  o f  c o s t  o r  complexity. 
Approximate ly  353 cubic  f e e t  o f  cargo  volume is a v a i l a b l e  i n  t h e  e x i s t i n g  
weapons bay. This  c a p a b i l i t y  i s  e s s e n t i a l l y  a v a i l a b l e  a t  no c o s t  o t h e r  
t h a n  t h e  c o s t  o f  c a r g o  c o n t a i n e r s  or h a r n e s s e s  t o  e x p l o i t  t h e  weapon 
suspens ion  hardpoin ts .  The  n e x t  lowest  c o s t  a l t e r n a t i v e  t o  inc rease  COD 
c a p a b i l i t y  i s  t o  remove and r ep lace  t h e  weapons bay doors  wi th  a cargo  
f a i r i n g  s h e l l .  The f a i r i n g  could add an a d d i t i o n a l  2.1 feet o f  depth t o  
t h e  weapons bay. Th i s  a l t e r n a t i v e  is  i l l u s t r a t e d  i n  F igure  56. More cargo  
volume c a n  be obta ined  by des igning  a new fuse lage .  Two approaches t o  new 
f u s e l a g e  des ign  can be d i s t ingu i shed .  T h e  lowest  c o s t  approach i s  t o  
maintain t h e  o r i g i n a l  fu se l age  o u t e r  contours .  This  method maximizes t h e  
amount of  s t r u c t u r e  common t o  t h e  s tandard  fuse l age .  T h i s  a l lows  r e t e n t i o n  
o f  t h e  forward f u s e l a g e ,  inc luding  t h e  f l i g h t  s t a t i o n ,  radome, canard,  and 
canard c a r r y  through s t r u c t u r e ,  a s  wel l  a s  t h e  empennage and af te rbody,  
which would be reconf igured  a s  a s w i n g  t a i l .  To f u l l y  use t h e  a v a i l a b l e  
f u s e l a g e  volume, t h e  w i n g  would be moved t o  a t o p  t h e  fuse l age .  However, 
most of  t h e  w i n g  and primary n a c e l l e  s t r u c t u r e  would be unchanged. A 
higher  c o s t  a l t e r n a t i v e  would be t o  abandon t h e  o r i g i n a l  fu se l age  contours  
i n  f a v o r  of  new l i n e s  designed t o  a s p e c i f i c  s e t  of ope ra t iona l  
requirements  such a s  t h e  accommodation of  s tandard  cargo p a l l e t s .  
T h e  v a r i a t i o n  of  COD p a y l o a d  w i t h  r a n g e  ( u s i n g  t h e  u n m o d i f i e d  M k  1 
f u s e l a g e )  is shown i n  Figure 57. Curves f o r  t h e  Category 1 propfan and t h e  
Category 2 turbofan  f a l l  between t h e  two curves shown. 
4.3.10 Spo t t ing  Fac to r s  
A m e a s u r e  o f  t h e  c a r r i e r  " r e a l  e s t a t e "  occup ied  b y  a p a r t i c u l a r  
a i r c r a f t  i s  t h e  s p o t t i n g  f a c t o r ,  which i s  t h e  r a t i o  o f  t h e  a r e a  o f  a 
p o l y g o n  bounding  t h e  e x t r e m i t i e s  o f  t h e  f o l d e d  a i r c r a f t  t o  t h e  a r e a  
bound ing  a r e fe rence  a i r c r a f t ,  t y p i c a l l y  t h e  A-7. The s p o t t i n g  f a c t o r s  o f  
t h e  f o u r  b a s e l i n e  CTOL a i r c r a f t  a r e  shown i n  F igure  58, w i t h  t h e  s p o t t i n g  
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f a c t o r s  of the S-3A and E-2C f o r  comparison. This f igure  i l l u s t r a t e s  t h e  
p a r t i c u l a r l y  compact arrangement of the propfan baseline concepts. 
4.4 ALTERNAT1:VE DESIGNS - V/STOL AND STOVL 
I n  t h i s  t ask ,  v e r t i c a l  takeoff and/or v e r t i c a l  landing concepts which 
use propfans for  both l i f t  and cru ise  t h r u s t  a r e  explored. 
4.4.1 Ground Rules  and Assumptions 
Severa l  groundrules were established f o r  the execution of Task IV. 
V/STOL concepts should be r e l a t i v e l y  s imilar  I n  s ize  t o  the  conventional 
takeoff and landing (CTOL)  concepts, i n  order t o  u t i l i z e  a t  l e a s t  the basic  
f u s e l a g e  developed i n  Task 111. I n  addition, previous design s t u d i e s  of 
V/STOL a i r c r a f t  which had very long mission times and, consequently, v e r y  
d i f f e r e n t  takeoff and landing weights, established t h a t  very severe 
penal t ies  were associated w i t h  requiring the a i r c r a f t  t o  takeoff v e r t i c a l l y  
(Reference 5l. A rough analysis  of a i r c r a f t  TOGW required t o  perform the 
ASW mission when the i n i t i a l  thrust/weight r a t i o  was greater  than 1.0 
showed t h a t  the a i r c r a f t  would weigh over 60,000 l b s .  Therefore, the 
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Figure 5 8 .  CTOL Spotting Factor Comparison 
d e c i s i o n  was made t o  d e s i g n  for v e r t i c a l  l a n d i n g  a n d  v e r y  s h o r t ,  
c o n v e n t i o n a l  f r e e  d e c k  t a k e o f f  ( a p p r o x i m a t e l y  300 f t )  (STOVL). The 
p r o p u l s i o n  sys t ems  were s u b s e q u e n t l y  s i z e d  for l a n d i n g  v e r t i c a l l y  a t  t h e  
h e a v i e s t  m i s s i o n  l a n d i n g  w e i g h t  ( A E W  M i s s i o n ) .  W h i l e  a c t u a l  t a k e o f f  
p e r f o r m a n c e  was n o t  computed  f o r  t h i s  v e r y  a b b r e v i a t e d  d e s i g n  t a s k ,  
p r e v i o u s  s t u d i e s  have shown t h a t  300 t o  400 foot t a k e o f f s  are a c h i e v a b l e  a t  
t h e  d e s i g n  t h r u s t / w e i g h t  ra t ios  by o p t i m a l l y  t i l t i n g  t h e  t h r u s t  v e c t o r  
( p r o p f a n )  and w i t h  o n l y  modest or no a d d i t i o n a l  wind o v e r  deck r e q u i r e d .  
A n o t h e r  d e c i s i o n  was made t o  abandon t h e  Armed AEW mis s ion  and t h e  
Anti-Air Warfare mission and t o  s i z e  t h e  a i r c ra f t  for t h e  Anti-Submarine 
Warfare mis s ion .  The r a t i o n a l e  f o r  t h i s  d e c i s i o n  was t h a t  d e s i g n i n g  f o r  
e i t h e r  t h e  AAEW o r  AAW m i s s i o n ,  b o t h  o f  which have long  mis s ion  r a d i i  and 
l o i t e r  times, would g e n e r a t e  v e r y  l a r g e  STOVL a i r c r a f t  i n c o n s i s t e n t  w i t h  
t h e  g o a l  o f  n e a r  CTOL-sized a i r c r a f t .  On t h e  o t h e r  hand, t h e  loss of  t h e  
AAEW a n d  AAW m i s s i o n  c a p a b i l i t y  cou ld  be  p a r t i a l l y  o f f s e t  by o p e r a t i n g  t h e  
STOVL a i r c r a f t  from non-CV s h i p s  a t  t h e  o u t e r  edge of t h e  b a t t l e  g r o u p .  
Such s h i p s  might be  o f  t h e  h e l i c o p t e r  amphibious a s s a u l t  (LPH,  L H A )  t y p e  i n  
o r d e r  t o  pe rmi t  a s h o r t  f ree  d e c k  t a k e o f f .  
R e t e n t i o n  o f  t h e  b a s i c  AEW miss ion  ( S e c t i o n  4 .1 .2 .2)  m a i n t a i n s  t h e  
c h o i c e  o f  45 ,000  o r  4 0 , 0 0 0  f t  l o i t e r  a l t i t u d e ,  a s  well  a s  t h e  o t h e r  mis s ion  
speed r e q u i r e m e n t s  which e s t a b l i s h  Ca tegory  1 and Category 2 b a s e l i n e s .  
4.4.2 STOVL B a s e l i n e  Concept 
T h e  STOVL a i r c r a f t  developed d u r i n g  t h i s  s t u d y  have wing t i p  mounted 
t i l t  n a c e l l e s .  The e n g i n e s  a r e  connected by a high-speed d r i v e  s h a f t  t o  
d i s t r i b u t e  power i n  t h e  event o f  e n g i n e  f a i l u r e .  S e c t i o n s  o f  t h e  wing 
o u t e r  p a n e l s  forward and a f t  of t h e  wing box t i l t  down t o  r educe  w i n g  
b lockage  d u r i n g  hove r .  When i n  v e r t i c a l  f l i g h t ,  yaw c o n t r o l  i s  provided b y  
v a n e s  ou tboa rd  of t h e  n a c e l l e s  i n  t h e  propfan s l i p s t r e a m ,  and r o l l  i s  
c o n t r o l l e d  by  d i f f e r e n t i a l  t h r u s t  c r e a t e d  by propfan b l a d e  p i t c h  change,  
P i t c h  c o n t r o l  i s  ach ieved  by u t i l i z i n g  a s p e c i a l  A u x i l i a r y  Power U n i t  
( A P U ) ,  which has  a h i g h  r e s i d u a l  exhaus t  t h r u s t ,  a s  a r e a c t i o n  c o n t r o l .  
T h e  A P U  i s  a d u a l  u n i t  ( f o r  r e d u n d a n c y ) .  The f u s e l a g e  f o r  t h e  STOVL. 
a i r c r a f t  i s  t h e  same a s  f o r  t n e  CTOL a i r c r a f t ,  except f o r  changes t o  t h e  
wind screen,  canopy, and nose contours t o  increase over-the-nose and 
over-the-side v i s i b i l i t y  during t r a n s i t i o n  and hover. 
The ground r u l e s  for  required t h r u s t  i n  hover used i n  t h i s  s t u d y  
assume a l l  engines operating a t  rated power w i t h  an allowance for  trim and 
control  on a t r o p i c a l  day. It i s  assumed t h a t  the a i r c r a f t  would be 
recovered conventionally i n  the event of an engine f a i l u r e .  That is, there  
is no allowance for  v e r t i c a l  landing capabi l i ty  w i t h  one engine out. It i s  
possible  t o  provide an overspeed, overtemperature, or emergency engine 
r a t i n g  t o  p a r t i a l l y  o f f s e t  an engine f a i l u r e ,  but  t h i s  option was not 
explored. The a i r c r a f t  is  equipped w i t h  e ject ion s e a t s  a t  every crew 
posi t ion.  
Figure 159 depic ts  the STOVL general arrangement. A breakdown of 
is shown i n  p r inc ipa l  weights w i t h  the baseline sized for the  ASW mission 
Figure 60. S igni f icant  performance parameters are  shown i n  Figure 61.  
Propulsion thrust-to-weight r a t i o  and d i s k  loading were simultaneously 
varied t o  achieve t h e  appropriate AEW l o i t e r  a l t i t u d e  (40 ,000  or 45,000 
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F i g u r e  61  . STOVL Basel ine Performance Parameters 
fee t )  for t h e  two pe r fo rmance  c a t e g o r i e s  and v e r t i c a l  l a n d i n g  c a p a b i l i t y  a t  
maximum l a n d i n g  w e i g h t  ( A E W  m i s s i o n )  w h i l e  s i m u l t a n e o u s l y  s i z i n g  t h e  
a i r c r a f t  t o  p e r f o r m  t h e  ASW m i s s i o n .  A breakdown of TOGW and empty w e i g h t s  
for a l l  e i g h t  r e m a i n i n g  m i s s i o n s  is shown i n  F i g u r e  62. It s h o u l d  be n o t e d  
t h a t  t h e  a i r c r a f t  h a v e  some reduced  c a p a b i l i t y  for  t h e  Armed AEU on  AAW 
m i s s i o n s  b u t  t h e y  c a n n o t  c o m p l e t e  t h e  f u l l  time and d i s t a n c e  r e q u i r e m e n t s  
for t h o s e  m i s s i o n s .  
To p e r m i t  f o l d i n g  of t h e  a i r c r a f t  w i t h o u t  b r e a k i n g  t h e  high-speed 
d r i v e  s h a f t  be tween n a c e l l e s ,  t h e  wing o f  t h e  STOVL a i r c ra f t  p i v o t s  a t o p  
t h e  f u s e l a g e  as  shown i n  F i g u r e  63. The n a c e l l e s  are rotated t o  v e r t i c a l  
and  t h e  s l a b  t a i l  p l a n e s  are f o l d e d .  
The  STOVL c o n c e p t s  i l l u s t r a t e d  i n  t h i s  t a s k  are c o n s i s t e n t  i n  s i z e  
w i t h  t h e  CTOL b a s e l i n e  d e s i g n s  a n d ,  pend ing  a more d e t a i l e d  a n a l y s i s ,  t h e y  
a p p e a r  t o  be v i a b l e  a l t e r n a t i v e s  t o  t h e  CTOL d e s i g n s .  I n  p a r t i c u l a r ,  
b e c a u s e  of t h e  i n h e r e n t  h i g h  s t a t i c  t h r u s t / w e i g h t  r a t i o  i n h e r e n t  i n  t h e  
c o n c e p t ,  t h e y  h a v e  v e r y  good h i g h  s p e e d  c a p a b i l i t y .  
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4.5 TASK V - ADVANCED TECHNOLOGY RESEARCH PLAN 
During t h i s  t a s k ,  r e s e a r c h  ,and t echno logy  r e q u i r e m e n t s  necessa ry  t o  
d e v e l o p  propfan powerp lan t s  f o r  t h i s  c l a s s  o f  a i r c r a f t  ( b o t h  CTOL and 
STOVL) were reviewed.  No r e q u i r e m e n t  f o r  a d d i t i m a l  p r o p f a n - r e l a t e d  b a s i c  
r e s e a r c h  beyand c u r r e n t  a n d  planned a c t i v i t y  was d i s c o v e r e d ,  Applied 
r e s e a r c h  on d e t a i l s  o f  s p e c i f i c  c o n f i g u r a t i o n s  w i l l  be r e q u i r e d ,  a s  i n  any 
new a i r c r a f t  development program. S p e c i f i c a l l y ,  a c o u s t i c  and aerodynamic 
i n t e r a c t i o n s  between t h e  p r o p u l s i o n  system and t h e  a i r f r a m e  f o r  t h e  
s p e c i f i c  p r o p u l s i o n  i n s t a l l a t i o n  m u s t  be  i n v e s t i g a t e d  a n d  o p t i m i z e ? .  
F u r t h e r m o r e ,  a c c e l e r a t e d  l i f e  t e s t i n g  o f  r e p r e s e n t a t i v e  p r o p f a n s  and 
r e l a t e d  hardware would be u s e f u l .  
7 6  
F i g u r e  64 o u t l i n e s  previous,  current, and projected propfan research 
programs r e s u l t i n g  i n  technology readiness  fo r  t h e  s ing le - ro t a t ion  propfan 
i n  1988, and technology readiness  i n  1990 f o r  t h e  counter-rotat ion propfan. 
A f u l l y  c e r t i f i e d  eommercial, propfan-powered t r anspor t  is expected by t he  
e a r l y  1990s. Although technology development i s  c u r r e n t l y  focused on 
commerc ia l  programs,  i t  a l s o  i s  a p p l i c a b l e  t o  a i r c r a f t  of t h e  t y p e  
presented i n  t h i s  s t u d y .  The f i r s t  commercial propfan app l i ca t ion  is 
e n v i s i o n e d  o n  a 120-to 150-passenger  t w i n  e n g i n e  a i r c r a f t .  Such an 
a i r c r a f t  w i l l  r equ i r e  turboshaf t  engines developing between 12,000 and 
13 ,000  SHP. Engines  o f  t h i s  s i z e  w i l l  be a p p r o p r i a t e  for t h e  s h o r t  
t akeof f -ve r t i ca l  landing (STOVL.) concepts defined i n  Task I V .  
T h e  conventional takeoff  and landing (CTOL) concepts use engines 
between 5000 SHP and 8700 SHP, which w i l l  b ene f i t  from commercial engine,  
gearbox, and propfan development and experience. These smaller engines a r e  
expected t o  be development and growth vers ions of e x i s t i n g  o r  planned 
e n g i n e  program:;, which a r e  noted on Table VIII. By adapting one of these  
eng ines ,  t he  normal new engine development cycle  of  approximately e ight  
y e a r s  can be trimmed t o  about four years ,  or about t he  same development 
time a s  the  propfan and gearbox. 
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T A B L E  VI11 C A N D I D A T E  ENGINE PROGRAMS 
G E 2 7  MTDE* ( J V X )  
P W 3 0 0 5  M D E *  ( J V X )  6000 SHP 
CLASS 
T501** ( I1V x )  
T56 S E R I E S  I V  (DEVELOPMENT FOR E - 2 C )  5914 SHP 
T56 S E F I E S  V 7165 SHP 
T701 (HEAVY L I F T  H E L I C O P T E R )  8079 SHP 
* O F I G I N A L L Y  5000 SHP CLASS 
** S E L E C T E D  FOR J V X  ( V - 2 2 )  
S e v e r a l  e n g i n e  programs c u r r e n t l y  underway,  o r  p l a n n e d  f o r  t h e  n e a r  
f u t u r e ,  a r e  a p p l i c a b l e  t o  t h e  CTOL c o n c e p t s  d e f i n e d  i n  t h i s  s t u d y .  For t h e  
C a t e g o r y  2 p r o p f a n  c o n c e p t ,  which as s i z e d  r e q u i r e s  a b o u t  5040 SHP,  e n g i n e s  
d e v e l o p e d  f o r  t h e  J V X  (now t h e  V-22 O s p r e y )  a re  well s u i t e d .  E n g i n e s  
d e s i g n e d  u n d e r  t h e  Modern Techno logy  Development  Eng ine  ( M T D E )  p rog ram,  
a l t h o u g h  o r i g i n a l l y  i n  t h e  5000 SHP c l a s s ,  have  c a l c u l a t e d  g rowth  p o t e n t i a l  
of ten  t o  t w e n t y  p e r c e n t  and may serve a s  t h e  b a s i s  f o r  e n g i n e s  f o r  even 
t h e  C a t e g o r y  1 a i r c r a f t ,  which r e q u i r e  a b o u t  8700 SHP. 
C r o s s - s h a f t i n g ,  n e c e s s a r y  f o r  t h e  STOVL c o n c e p t s ,  i s  now b e i n g  
d e v e l o p e d  f o r  t h e  V-22 program.  Sca le -up  of t h e  s h a f t i n g  d e s i g n  t o  
accommodate t h e  h i g h e r  t o r q u e s  o f  t h e  STOVL c o n c e p t s  w i l l  r e q u i r e  f u r t h e r  
d e v e l o p m e n t ,  b u t  t h e  r i s k  a s s o c i a t e d  w i t h  t h a t  deve lopmen t  i s  c o n s i d e r e d  
mod e s t  . 
A v i o n i c s  s y s t e m s  a re  t h e  h e a r t  o f  many missions p r o j e c t e d  f o r  t h i s  
c l a s s  of a i r c r a f t .  The U.S. Navy h a s  a number o f  p r o d u c t  improvement a n d  
advanced  deve lopmen t  programs underway which w i l l  b r i n g  t h e  r e q u i r e d  
c a p a b i l i t y  on l i n e  f o r  a 1995 I n i t i a l  O p e r a t i o n a l  C a p a b i l i t y .  Many o f  
t h o s e  programs a r e  i d e n t i f i e d  on F i g u r e  65.  AMSS, o r  Advanced M u l t i p u r p o s e  
S e n s o r  System r a d a r ,  whi le  n o t  y e t  ar: a c t i v e  d e v e l o p g e n t  p r o g r a r ,  i s  
p r o j e c t e d  a s  a p o s s i b l e  deve lopmen t  o f  t h e  Navy ' s  High A l t i t u d e  Remotely 
P i l o t e d  S e n s o r  System (HARPSS). T h i s  r a d a r  t e c h n o l o g y  i s  an i m p o r t a n t  
e l e m e n t  f o r  t h e  s u c c e s s  a f  t h e  AFd c l a s s  of  a i r c r a f t  d e p i c t e d  ii t h i s  
s t u d y .  
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F i g u r e  65 .  A v i o n i c s  System Development  Schedule 
ROM a c q u i s i t i o n  c o s t  e s t i m a t e s ,  w h i c h  a c c o u n t  f o r  t h e  e s t i m a t e d  
a d d i t i o n a l  propfan t echno logy  development ,  a r e  shown i n  F i g u r e  66 .  I n  t h i s  
f i g u r e ,  t h e  mis s ion  a v i o n i c s  c o s t  i s  s e p a r a t e d  from t h e  b a s i c  a i r c r a f t  
( w i t h  c o r e  a v i o n i c s  i n c l u d e d )  c o s t  and s p r e a d  ove r  a t o t a l  procurement 
based on f l e e t  s i z e  p r o j e c t i o n s  o f  Task I .  
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5.0 CONCLUSIONS OF POOR QUALITY 
Although t h i s  s t u d y  was conducted a t  t h e  c o n c e p t u a l  l e v e l  and sough t  
t o  t a k e  a broad "cutff  t h rough  many m i s s i o n s ,  a i r c r a f t  c o n f i g u r a t i o n s ,  and 
p r o p u l s i o n  c o m b i n a t i o n s ,  c e r t a i n  fundamental  c o n c l u s i o n s  can  be  drawn. 
1. 
2. 
3. 
4. 
5 .  
6 .  
Propfan p r o p u l s i o n  systems (and  advanced p r o p e l l e r s  i n  g e n e r a l )  
a r e  f u l l y  c a p a b l e  o f  p r o v i d i n g  a i r c r a f t  performance c o n s i s t e n t  
w i t h  t h e  s p e e d ,  a l t i t u d e  and mis s ion  g o a l s  e s t a b l i s h e d  a t  t h e  
ou tse t  o f  t h i s  s t u d y .  
Propfan systems en joy  a s i g n i f i c a n t  advan tage  i n  f u e l  burn f o r  
t h e  m i s s i o n s  d e f i n e d ,  compared t o  a r e p r e s e n t a t i v e  t u r b o f a n ,  
a1t:hough low peacet ime u t i l i z a t i o n  o f  t h i s  t y p e  o f  a i r c r a f t  
d i m i n i s h e s  t h e  a s s o c i a t e d  c o s t  b e n e f i t s  of  t h a t  s a v i n g s .  
The i n h e r e n t  h igh  s t a t i c  t h rus t - to -we igh t  r a t i o  o f  e i t h e r  t h e  
t u r ' bo fan  o r  p r o p f a n ,  n e c e s s a r y  t o  a c h i e v e  high a l t i t u d e  l o i t e r ,  
p r o v i d e s  ample t h r u s t  f o r  high a c c e l e r a t i o n  a t  low speed .  T h i s  
i s  r e f l e c t e d  i n  t h e  f a c t  t h a t  c a t a p u l t  and waveoff a c c e l e r a t i o n s  
a r e  n o t  c r i t i c a l  f o r  any o f  t h e  concep t s .  
The p r o p f a n - p o w e r e d  STOVL c o n c e p t  h a s  s i g n i f i c a n t  m i s s i o r ,  
c a p a b i l i t y ,  i n c l u d i n g  h i g h  s p e e d ,  a t  d e s i g n  g r o s s  we igh t s  w h i c h  
a r e  c o n s i s t e n t  w i t h  t h e  C T O L  c o n c e p t s .  
P r o p f a n s  can be s a t i s f a c t o r i l y  i n t e g r a t e d  i n t o  t h e  C a r r i e r  Air  
Wing - i s s u e s  o f  deck h a n d l i n g  and s a f e t y  can be r e s o l v e d  ( e . g . ,  
f r e e  t u r b i n e  e n g i n e / ? r o p e l l e r  b r a k e ) .  
T h e  r e a l  i s s u e  f o r  t h e  propfan concep t  i s  cab in  n o i s e  a n 5  
v i b r a t i o n .  The g o z l  of  compact s i z e  f o r  c a r r i e r  s p o t t i n g  is 
c o n t r a r y  t o  t h e  t e c h n i q u e s  c u r r e n t l y  a d v o c a t e 5  f c 8 r  c z t . ; r  
i s o l a t i o n  - d i s p l a c i n g  t h e  e n g i n e s  f a r  from t h e  c a b i n .  If t h i s  
t: 
i s s u e  can  b e  r e s o l v e d  t h r o u g h  t h e  c o n t i n u e d  a p p l i c a t i o n  of  
technology,  a t  reasonable  weight pena l ty ,  propfans may be t h e  
p r o p u l s i o n  system of choice  for mult ipurpose naval u t i l i t y  and 
suppor t  a i r c r a f t .  
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6 Abstract 
A Conceptual design study compared a selected propfan-powered aircraft to a turbofan- 
powered aircraft for multiple Navy carrier-based support missions in the 1995 timeframe. 
Conventional takeoff and landing (CTO L) propfan and turbofan-powered designs and 
short takeoffhertical landing (STOVL) propfan-powered designs are presented. Ten support 
mission profiles were defined and the aircraft were sized to be able to perform al l  ten 
missions. Ernphasis was placed on efficient high altitude loiter for Airborne Early Warning 
(AEW) and low altitude high speed capability for various offensive and tactical support 
missions. The results of the study show that the propfan-powered designs have lighter 
gross weights, lower fuel fractions, and equal or greater performance capability than the 
turbofan-powered designs. Various sensitivities were developed in the study, including 
the effect of using single-rotation versus counter-rotation propfans and the effect of AEW 
loiter altitude on vehicle gross weight and empty weight. A propfan technology develop- 
ment plan was presented which illustrates that the development of key components can be 
achieved without accelerated schedules through the extension of current and planned 
government and civi l  propfan programs. 
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